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FORWARD 


This documeni: is the result of an effort initiated by the promulgation in July 1974 
of a Corporate Strategic Directive on Link and Line Control Procedures. The 
purpose Oi this directive was to establish a standard link control procedure upon 
which future communication product development could be basuj. 

Requirements of the new line control protocol, as set forth in the directive, included 
those features which are characteristics of the nev/.bit orfe-rcted, code transparent 
independent numbering protocols being standardized b> AhlSI, ISO, IBM, NCR and 
others. The directive specifically requires compatibility with IBM’s SDLC. 

The communication control procedure defined hi thio document is intended to meet 
these objectives. The procedures are based onp-and draw heavily from, studies 
of, and participation in, the work of mricias national, international, and vendor 
standards bodies. The format and teraimology have been chosen to be compatible 
with other standards in order to promote understanding and avoid confusion. 

Bit oriented procedures, such as detined in this document, are an outgrowth of 
attempts to overcome the deficiencies inherent in the older, character oriented 
procedures. These deiicienoes included: 

a) Charaetor^orieniution meant that they were not naturally transparent to 
the structure or encoding of the text. 


b) Transparency could be achieved only at the expense of incompatibility 
vvith non-transparent procedures. 


o 



c) Error detection was based on relatively weak and inefficient column and 
row parity. 

d) Supervisory messages were protected only by column parity. 

e) The mixture of message control, device control, amd bVik control forced 

- a significant amount of processing at a low functional level. 

/ ^ 

/ / 

f) The procedures were basically two way alternate.and thus could not take 
advantage of duplex facilities. 

The objective of these procedures, then, is to overcome these deficiencies by 
defining a protocol which: r" - 

a) is independent of code sU uetune. 

b) is transparent to the information content, i.e., text. 

. c) separates the functions of link control from those of de\i.ce and message 

control. 

d) is unambitfuoug as to da-tai link control fimctions. 

e) provides a single format for all information and supervisory transmissions 



f) provides reliable error detection for all transmissions. 

g) is equally applicable to all types of communication facilities. 

The document is intended to ensure internal standardization as well as to promote 
compatibility when interfacing foreign, non-CDC system^.’ Its piu-pose is to serve 
as a design planning guide in writing developmental specifications. The definition 
of a function as mandatory does not mean that that function will exist in all stations * 
in all applications. It is for this reason tlmt a definitive Interface specification, 
written within the framework of this document^ must! c written for each product 
type. . ^ \ 

The procedures contained in this docuniout, to the best knowledge of the authors, 
will assure compatibility with the various standards. It must be stressed, 
however, that bit oriented procedirres are in a evolutionary stage and subject to 
some revision and change. Completovon-line comipatibility with a particular device 
cannot be guaranteed without availabilit}^ of complete specifications on that device. 

The designation and acronym chosen for this procedure, i.e., Control Data 
Communication Control Procedure (CDCCP), was a deliberate one which is intended 
to divorce it completely from pre^idous "Mode X" procedures. This in in keeping 
with its cliaracteristlcs which are entirely new. 




SCJOPE 


'xho Control Data Communication Control l^occcliire (CDCCP) is a l3it oriented, 
code independent, moduilar data link control protocol. It is designed to be line 
and link compatible, to the greatest extent possible, with othe^ national and 
intexmational bit oriented procedures and with IBM’s Syiichronot’s Data Link 
Control (SDLC), 


This document defines m dei:ail the frame structure used ua all CDCCP transmissions 
It describes the structure, formatting, and signi.ficaiicxji of the various fields in the 
frame as well as the frame delimiting flags and frame check sequences. 

The document includes a complete definition of tire elements of procedure which 
comprise the building blocks of CDCCP. describes the various modes of operation 
-and includes description of comirnmmatlon an. iraies and luiks which form the 
"CDCCP environment. 

Various classes of procedure.Sn w map the elements of procedure to general 
applications, are defined. 


Appendices are providedrwhich uiclude additional information related to standards 
compatibility, bi-kitctul agreements, error detection tecliniques, and exam.ples 
of the protocol. A glossary is also included. 



2.0 REFEIIENGES 

S;/ . . - ■ 
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2.2 IBM Synchronous Data Link Control - General Information, IBM GA27-3093~0, 
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2.3 Proposed >\merica.n National Standard for Advanced Bata Communication Control 
Procedures (ADCCP) - Independent Numbering, 3rd Drait, February 1975. 

2.4 Proposed Draft Inteniational Standard on HDLC Elements of Procedure, 
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COMMUNICATION FACILITIES AND LINKS 
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As a communications control procedure, CDCCP defines a protocol, or set of 
rules, governing the transfer of data between participating stations interconnected 
by communication links. 

Before defining the protocol, it is necessary to clarify the sometimes confusing 
terminology apxjiied to communication facilities. For oample, communication 
interconnects are variously referred to as lines, channels, Ihiks, and facilities. 
They are described as being duplex, simplex, full duplex^ half duplex, two-wire, 
and four-wire. Simultaneity of data transfer is sometimes equated to physical 
configuration, sometimes to logical configuratio_iy.:.and sometimes to information 
transfer. The advent ot satellite facilities and the use of on—premise and off- 
premise loops further clouds the picture. 

The purpose of this section, there me, is in define and illustrate comniimication 
facilities and links in the context invuhich they are used in this document. 

3.1 Communication Facilities 

3.1.1 Definition 

A commimication .facility is.defined as the interconnecting communication resource 
normally provided a common carrier. It may, however, be provided by a 
non-common ..carrier supplier or by a combination of the two. Tlie interface or 
demarcation point of the facility is rigidly defined as the connector on the terminal 
equipment side of the data set, modem or other access equipment. See Figure 3-la 
Commimic^ition facilities may be characterized by modes of operation, t>q)es of 
chaimcls^ and intercomiecting amuigements. 
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1.1,2 Modes of Oj^Gratlon 

There are three modes of operation possible with commonly available communication 
facilities: simplex; half duplex; sind duplex. 

Simplex operation is the use of a channel to transfer data in one direction only. 

An example is a master station transmitting data to one or more remote stations 
with no signals required in the reverse direction. 

Half*-duplex operation is the use of a channel to transfer data in either direction on 
an alternate basis. For example, data is transmflted m one direction and the data 
sets are then turned around (transmit to receive) to permit data to be transmitted 
in the other direction. 'a. 

-*o^H-^ox operation is the use ot a cnaianvii ao irniiSier oata in Dotn oireetions simul~ 
taneously. 


3.1.3 Types of Cliannels 

Communication facilities are clxiracterized as being 2~wire or 4-wire. These 
facilities are used to make up 2-wire or 4-wire channels. A 2-wire channel is the 
equivalent of one paii’ oi ^vlres which may carry both directions of transmission. A 
4-wire channel is tiie equimlent of a separate pair of wires being used for each 
direction of transmission. It is possible to operate simplex, half-duplex, or duplex 
over either 2-wire or ^-wire channels. 




Tlic type of equipment comprising the communication facility is usually trajisparent 
to the user. lie is unaware of whether his channel is carried on cable, carrier, 
microwave or satellite facilities. The only manifestation may be a ctiangc in 
propagation delay which is of concern to data Imk control. 


3.1.4 Interconnecting Arrangements f.-- = 

Many Interconnecting arrangements of communication facilities are possible. Tlie 
most common are point-to-pomt md multipoint. 

3.1.4.1 Polnt"tO”Fomt Interconnect 

A point-to-point facility is one which inter connects.two and only two stations. See 
Figure 3-la. Point-to-point facilities may be elthornon-s witched, sometimes 
referred to as private line or dedLcatccl^ cr they may be switched. The difference 
; between switciied and non.-switcht?d is orie rr fncility acquisition. In the sv/itebed 
case the facility must be acquired j^rior lo uie transfer of data and released at the 
end of the transfer. Non-switched facililics are dedicated and usable on demand. 
Point-to-point facilities will lie commonly used for CDCCP comnumications. 

3.1.4.2 Multipoint tnterconnects . 

Multipoint facilities are those itsed to commmiicate between more than two locations. 
There are three basic.^^Ties of multipoint facilities: broadcast, conference, and 
broadcast polling. 


The broadcast multipoint consists of a master transmitter and two or more remote 
receivers. There is nol retimn path from tlie remotes to the master nor can the 
remotes comimmicate witli each otlier. This arrangement uses 2-wire channels m 
a simplex mode. The broadcast rnultipoint is not suitable for CDCCP controlled data 
transmission because of tlic need for two wav communication. 



The conference multipoint is arranged such that transmissions from any station 
are received by all other stations. Tliis arrangement is not suitable for CDCCP 
due to the contention problems involved. 


The third basic multipoint arrangement is the most commonly used for data trans¬ 
mission. This is the broadcast polling arrangement which consists of a single 
master and two or more remote s1;ations as illustrated la Tigure 3-lb. Trans¬ 
missions from the master are received by all rem.otes.Ih’ansmissions from the I 

remotes are received only b y the master. This multlposat arrangement requires j 

I 

4-wir e channels. It is expected to be very commori in CDCCP applications. I 


7 
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3.1.4.3 Loop tntercomiects 

Llany special and hybrid combinations cf Iniercorinect arrangements are possible, 


xiio iiiOtii/ to be eiiuv^uiiweicd v-;.x^.-.-,t 4 ppxj.caticiis tne locp ai'rangemeiit 


The loop configuration consists of two. more point-to-point facilities arranged such 
that the loop starts and ends aMhe same location. See illustration in Figure 3-1 c. 
The point-to-point facilities are normally 2-wire channels and operate in simplex 
mode: A transmits to B, B trmmmits to C, and so on around the loop. Transmission 
in the reverse direction Is not possible. Each station on the loop operates as a 
repeater. 


Loop facilities may" be encoimtered which are completely user-owned, especially 
when located vhthin the confines of a building. Others may" use common carrier 
facilities when gcograpbically dispersed. 





















Facility Control 


Facility control is clefmcd as that subset of data link control which is concerned 
with the manipulation and monitoring of the data set control signals available at 
the demarcation point. In the case of switched facilities, this, function is also 
necessarily conceined with the acquisition and release of the switched facility. 

The requirements of facility control are defined in a sct.Sf standards applicable 
to the iiitei-face between the data terminal equipment and (he -data communication 
equipment. These standards include ElA RS232~C, ELV ES-366, CCITT V.24, 

CCITT V.35, and others. f 

3.2 Commimication Links 

o o -f . .f 

A communication link is defined the commimication facility plus the link control 
logic associated with the data teriniwal equipment. See Figure 3-la. The Imk serves 
as a path for the transfer of information between stations. The control of this infor¬ 
mation transfer requires a set of rules for initializing, sequencing, verifying, and 
, ^ terminating the information transfer. This control is the fimction of data link control. 

3.2.2 Data Link Control 

A data link control procedure is the protocol which governs the use of a commimica- 
tions liiilv to.^tramsfer information between participating stations. 

Data linlv control procedures are commonly designed to control one or more of three 
classes of data ti-ansfer: One Way (OW); Two-Way Alternate (TWA); or Two-Way 
^ Simuhajvooiis (TWS). These terms are used to avoid confusion with simplex, half duplex. 


^.3.1.5 


•i O 



and duplex op^iration oi the facility. Two-way alternate data transfer, for example, 
can occur on a duplex facility but two-way simultaneous data transfer cannot occur 
on a half duplex facility. The term "data" when used here refers to information 
plus lirilc control; i.e., two-way simultaneous operation does not necessarily moan 
that end user information is flowing in both directions simulur-rcously. 

CPC CP Data Linl^ • ... ......... 

In CDCCP .the normal cycle of communication betv/ecm two steTfons consists of the 
transfer of frames containing information from the intermalion source to tlie infor¬ 
mation sink, acknowledged by a frame in the opposite direction. 

A CDCCP data link involves two or more parUcipatrag stations. For control purposes, 
one station must assume responsibility for the organization of data flow and for Imk 
level error recovery. This control station is Imown as the Primary. The frames 
transmitted by a primary are ahvay.s rcierred to as command frames. All other 
stations on the link are known as secondaries and the frames they transmit are referred 
to as responses. Each secondary is xosponsible for executing commajids received 
from the primary and for responding- w'hen instructed to do so by the primary. 

The link intcrcomiectmg the prnnary and secondaries may utilize facilities which are 
point-to-point, multipoint, simplex, half duplex, duplex, switched, or non-swatched. 



4.0 FRAME STRUCTURE .• 

4.1 General 

The vehicle for all command, response, and information transmissions under 
CDCCP is called a frame. A frame is a sequence of contiguous bits bounded by 
and including opening and closing flag sequences. A validfrainc is a minimum of 
•48 bits in length and must conform to the following structure; 

F, A, C, I, FCS, F 

where , /' / •' 


F = 

Flag Sequence 

A = 

Address Field 

C = 

Control Field 

1 = 

Information Field 

FCS = 

Flag Check Sequence 


Frames containing only linli control sequences form a special case where no I 
field is present. 



The frame structure is illustrated in Figure 4-1. Each element of the frame is 
detailed in the following-paragraphs. 

4.2 Flag Sequence . 

All frames open and close with the flag sequence. This sequence has the binary 
configuration vlIllllO, that is, a zero bit followed by six one bits, followed by a 
■ zero bit. 


- 9A 
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FIGUBE 4-1. FRAME STRUCTURE 








The opening flag serves as a position reference for the address, and control 
fields and initiates transmission error checking. The closing flag serves as a 
position reference for the flag check sequence. 

Transmitters must send only complete eight-bit flags. All receivers attached to 
the data link must search continuously, on a bit-by-bit basis, for the flag sequence. 
Thus, the flag sequence provides frame synchronization... 

An F may be followed by a frame, another F, or amidlo line. An F which closes 
a frame may also be used as the opening F on a-.:followmg frame. Any number of 
F*s may be transmitted between frames. 

Pince the F sequence brackets and synchronises fue frame, it must be prevented 
from occurring in any field of the frame. This is accomplished by the zero in¬ 
sertion technique described below. 

Each transmitter must insert a zg-xo bit following five contiguous one bits an^^where 
between the opening and closing flag sequences. The insertion of the zero bit thus 
applies to the address, control, iiuormation, and FCS fields and effectively pre¬ 
vents the fortuitous triinsrniss icn of the F sequence 01111110. 

Each receiver aFcr detecring the opening flag (start of frame) continuously monitors 
the received bit stream and removes any zero bit which follows a succession of five 
contiguous one bits. Kote.t.hat zero insertion at the transmitter follows the compu¬ 
tation of FCS and that zero deletion at the receiver precedes the FCS check process. 



^ 4.3 Address Field ( A) 


4.3.1 General 

The address field (A) immediately follows the opening flag of a frame and precedes 
the control field. This field always contains the address of 1ho secondary station. 
The primary station is never identified. The address field is X octets in length 
where N _> 1. The contents of the field may be a single^^ or global address. 

Two addressing modes are defined for the secondary sialion link address field. 
These are the basic and extended modes described !:>elov/. All stations must be 
capable of operating in both modes. For a specific linlc the maximum num.ber of 
octets must lee explicitly defined. 

4.3.2 SBCondary Link Address Field - yro"'-" 

^■ W II W PI I I ■ I ^1 ■ Il f .' ■ I III ■ I I ; >1—WI I MI I ■ II . vay '.VdVdVr 

In the basic mode, the secondary F:d;adai'L ,s field contains one address, which 
maybe a single, group, or global secondary address. In this mode, address 
extension is not permitted. AHv.25G combinations are available for addresses. This 
basic mode field consists of octet with the format illustrated in Figure 

4~2a. . ; 

4.3.3 Secondary Link Address Field - E^dended Mode 

In the extended rnodo, the secondarj^ Unix address field is a sequence of octets which 
comprise a single- secondary address. The least significant bit is used as an exten¬ 
sion indicator. Wlicn this bit is zero, the following octet is an extension of the 
address field. The address field is terminated by an octet having a one in bit’ 
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position one (least significant bit). Thus the address field is recursively extend¬ 
able. The format of the extended address field is illustrated in Figure 4~2b. 

4.3.4 Group and Global Addresses 

Each secondary station on a d^.ta link must be capable of recog:Tiizing a group or 
global address which is contained in one unextended octet even when extended mode 
is normally used. • 

Two or more secondaries may be required to recognize rhe same group or global 
address. Each secondary, however, responds vJth its individual address. 

4.4 Control Field (C) " •••••"•e 

4* 4.1 General 

The control field (C) is located inm.edlately following the address field and pre¬ 
ceding the information field in the CDCCT frame structure. The control field is 
used to convey commands, rosponsesy and sequence numbers necessary to control 
the data link. 

There are two modes 'defined for the control field. These are the basic and ex¬ 
tended modes described in.tlie following paragraphs. Each station on a data link 
must be capable of operatmg in either mode. For a given link the mode must be 
specifically idenafied. 
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^:!ignificant Bit 
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FIG'UHE 4-2. ADDRESS FELD FORMAT 




^ t ■ 


4.4,, 2 Control Ficicl - Basic Mode 

The basic control field consists of a single 8 bit octet. This field is structured 
into one of three formats. These are the information transfer format used by 
primary and secondary stations to transfer information, the supervisory format 
used to convey link supervisory data, and the non-sequenced format used to pro¬ 
vide additional prim-ary and secondary linlc control functions, 

Si addition, each format includes a format identifier and a poll/firnl bit. The 
poll/final bit serves as the send/receive control. A n'dl (P) bit is sent only by 
a primary and is used to authorize secondary transmission. The final (F) bit is 
used only by a secondary in response to a P bit. Only one P bit is outstanding, 
i.e., unanswered by an F bit, on a data linlt. 

Section 6 provides additional Informat''on cm rhe control field, details the commanc 
and response codes, and describes their \r->e- in conjunction with the poll/final bit. 

Figure 4-3a illustrates the basic mode control field. 


4.4.3 Control Field - Extended Mode 

The basic mode controlvfield pro'\ndes for a modulus 8 sequence count (refer to 
paragraph ). On long propagation delay links, e.g., satellite Ihiks, it may 
be necessary ta e^ttend the sequence number modulus. The extended mode control 
field provides this capability. 
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Tho control field is extended by the addition of a second contiguous, octet immeidi-’ 
ately following the basic field. This extension increases the modulus count to 
128, Idle three formats for an e:jctcndcd mode control field are illustrated in 
Figure 4-3b, 

Information Field (I) 

CDCCP exists as a vehicle for triinsporting the data contained in the information 
field (I). The data linl<: control is completely transparenl to the contents of the I 
field. The I field may, therefore, consist of an}" nunrtvji'.. of bits, in any code, 
related to character structure or not. The I field is inmestricted as to length 
but it should be recognized that tj'pical length is eoniingent on system requirement 
and limitations beyond the link level. Factors’limiting I field length may include 
channel error chiaracteristics, station bun re: sires, and the logical properties of 
the data. /- 

The occurrence of a flag or abort sequence within the I field is prevented by the 
zero insertion technique described in paragraph 4.2. 

I fields are normall}^ mcluded in. every frame having a C field with an information 
transfer format. TheseibnfornTation transfer frames are the only ones which are 
sequence numberecir- information field with a length of zero.is specificall}" 
permitted. 

Provisions arc,also made for an I field m a non-sequenced C field format. Such 
frames are not protected b}" sequence checking. 



Formats 

1 2 

3 4 

5 

6 7 8 

Information Transfer 

0 j N (S) 

PF 

N (R) 

Siipervisory 

1 0 

S S 

PF 

N (R) 

Non-Sequenced 

1 1 

M M 

PF 

M M M 

— 


Control Field Bits 


where; 


Bit Transmitted 


N (S) = Send Sequence Count (Paragraph ) 

N (R) = Receive Sequence Count (Paragraph ) 

S = Supervisory Function Bits (Paragraph ) 

M = Modifier Bits (Paragraph ) 

PF = Poll Final Bit 

. a) BASIC MOPE CORn’ROL FIELD 


Information Transfer 

Supervisory 

Non-Sequenced 


1 

2 

3 

4 5 

6 

7 

8 

0 

N fS) 

1 

0 

S 

sk- 

X 

X 

X 

1 

1 

m' 

~T“ 

TIL 

X 

X 

X 


12345678 




First Bit Transmitted 
v/here X bits are reserved and set to 0. 


PF 

N (R) 

PF 

N(R) 

PF 

M M M 

X X X X 


b) EXTENDED MODE CONTROL FIELD 


FIGURE 4-3. CONTROL FIELD FORMAT 





4.G Frame Cheek Sequence (FCS) 

Each CDCCP frame includes a 16 bit frame check sequence (FCC) immediately 
following the 1 field (or the C field if there is no I field) and preceding the closing 
flag. The FCS field serves to detect errors induced by the transmission link and 
validate transmission accuracy. The 16 bits result from a mathematical compu¬ 
tation on the digital value of all binary bits (excluding inserted zeros) in the frame 
•including the address, control and information fields. 


The process is Imown as cyclic redundancy checkmg.^^u^^ a generator polynomial 
of + X^ +1. The transmitter’s 16 blf remainder value is initialized to 

all ones before a frame is transmiitted. The binar\’z^alue of the transmission is 
premultiplied b}^ X and then divided by the generator polynomial. Integer 
quotient values are ignored and the traiismtlter -.ends the complement of the result¬ 
ing remainder value, high order bit first, rs the FCS field. 


At the receiver the initial remainder is preset to all ones and the same process 
is applied to the serial incomiiigbils, in the absence of transmission errors the 
final remainder is 1111000010111000 (X^ thru X^^ respectively). 

The receiver will discard a frame; in error and will not advance the receive sequence 
count thus causing a retransmission of the errored block. 


Appendix g pi'Owides more complete mathematical treatment of the FCS teebmique. 
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4.7 Transm Lsson States 

Once established, the data communication channel between DCE's on the link is 
assumed to be constant. Transmission over the channel is transitory. A defini¬ 
tion of transmission states provides a convenient means of referring to the condi¬ 
tions which exist on the channel at any given point in time. 

4.7„ 1 Transient State 

A communication channel is defined to be in the transient state when a station is 
setting up to transmit, i.e., the station has issued a re"}iiest-to--send to the DCE 
and is awaiting a clear-to-send signal from the DCE, During this transient state, 
any action necessary to establish the channel for .t 2 :^ansmiss ion takes place. 


4.7.2 Active State 


I. 


A communication chamiel is in the arrive wbc=n a station is tra 
receiving frames or interfrarne time- fill ^p^iTagraph ). 


»»»• liiVi 


4.7.3 Idle State 


A communications channel is in the die state when it is neither in the active or 
transient states. A station ideiulfies the idei state by the receipt of 15 or more 
contiguous one bits in Uie following channel configurations: 


a) Full duplex .rr point-to-point - primary or secondary 

b) Full duplex - multipoint - primary 

c) Loop - primary • 
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A station iJcntifies the idle state by the absence of signal in the following channel 
configurations: 


4.8 


a) Half duplex - primary or secondary. 

b) Full duplex -■ multipoint - secondary. S ^ 

Note that a full duplex channel may be active in one direction and idle in the other. 

i •V^-VIV /.:V-V* 

Interframe Time FLU 

Interframe time fill may be transmitted by a prlmary.-.o duplex secondary to 
maintain the link in an active state and to retain bit synchronism. Time fill may 
also be used to avoid time outs and to hold the authority to transmit. 


V.Tien used, interframe time fill must be '^p-ries of contigi^oiis flags v/hich ?re 
contiguous to the closing flag of one fi’ani? and the opening flag of the next frame. 


4.9 Abort 

Abort is the process by which a station, in the act of transmitting a frame, decides 
before the end of tha.t frame to terminate in an unusual maimer which will cause the 
receiver to discard therrame. 

Aborting a frame is accomplished by transmitting at least seven but less than 15 
consecutive one bits Vritn no zero insertion. Receipt of seven contiguous one bits 
is interpreted as an abort. ■ 


A secondary station which transmits an abort may not start another frame mitil it 
receives a command from the primary. 
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Invalid Frame 


^ 4.10 

. 

An invalid frame is defined as one not properly bounded by an opening and closing 
flag or one which is too short, i. e., less than 32 bits betv/een flags. A station vvill 
ignore an invalid frame. 

4.11 Order of Bit Transmission - 

•Addresses, commands, responses, and sequence numbers are to be transmitted low 
order bit first, e.g., the first bit of the transmitted Hequence tiumber carries a 
weight of 2^. " 

The order of bit transmission for data contained -uthin the information field is appli ¬ 
cation dependent and is not specified in this procedure. 

./ ■ order of bit transmission for the FCS ir most significant bit first. 

i. .V... -.V.-.v.-.-.-v.*.*--.. 

4.12 Loop Opera.tion 

Operation in a loop configuratfoa as oefined in paragraph 3.1.4.3 requires that 
stations be capable of operation as i^opeater stations. The loop configuration also 
, places some unique requirements on frame handling and requires the definition of 

an initializing sequence called a ^’Go-Ahead” sequence. 

4.12.1 Go-Ahead Sequence 

The GA is the S contiguous bit sequence 01111111. In loop operation, a secondary 
station must receive a GA pattern before it begins transmission of a response. The 
primary staLlon interprets the receipt of the GA as the end of a series of responses. 
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A GA pattern following a frame is illustrated below. 

F, A, C, FCS, F,jO 111111 111 111111 



Loop procedures require that the primary station always initiates Ihe GA sequence 
subsequent to the transmission of a frame which invite'^ the secondary (secondaries) 
to initiate a transmission. Secondaries, in turn, are required to lelay the GA 
following their response transmission. The GA sequouco thus provides a means 
wliereby linked secondaries can sequence responses to a group-addressed command 
(command addressed to more thani one secondary'') without creating mutual interference. 

The GA sequence follows any command frame which requires a response It is not 
restricted to group-addressed conmuivJ ixcvrnss. 

The secondary station which has a frrame or frames to submit recognizes a legitimate 
GA sequence (the first Olllllll sequence following a poll frame) and substitutes 
an 0 bit for the seventh 1 bit of the GA, thus generating an opening flag. It then trans¬ 
mits the frame(s) (A, C, I, FCS) and the closing flag. 

A secondary station implements either of two means of terminating a transmission 
after sending the closing' Hag: 

a) It generates a GA sequence, then resimies the repeater function. This assures that 
the GA sc’etiionee will be relaj^ed even if the primary is sending to an uploop secon¬ 
dary when the secondary in question ends its last frame. 
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b) It immediately resumes the repeater function and depends upon steady ones from 
the primary to create a GA pattern. With this method of operation, the primary 
has the capability of interrupting transmission from a group of secondaries. 

hi either a or b, the GA sequence will be relayed downloop and will elicit transmissions 
from the next downloop station with the authority and need to transmit. Eventually, 
after all secondary stations have completed their transmissions, the GA sequence 
will be retuimed to the loop controller station (primary). 

All secondary stations on a particular loop implement either method a) or b). 

4.12.,2 Primary Station Generation of GA 

Tlie primary station generates the GA sequence according to the following rules: 

a) The primary station generated Cr\ sequence always contains a leading 0-bit. 

This 0-bit is not a part of the preceding flag, whether this preceding flag is the 
closing flag of a frame, or if it is a time-fill flag. 

Closing Flag * ju GA 

01111110 I 01111111 

b) The primary station 3nay insert any number of complete flags following the 
closing flag ,of the frame granting response permission to the secondary station 
before genorntii'xg the GA sequence. 


Closing Flag 

n Flags of 

1 GA 

01111110 

Time-Fill 

j 01111111 
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4.12. 


Secondary Rccoffliition of GA 

The secondary station activates recognition of the GA sequence upon receipt of a 
command frame which legitimately instructs or invites it to transmit a frame. 


If the secondary station response to the command frame is optional, and if the 
station chooses not to transmit a frame when the first GA sequence is detected, it 
shall deactivate the GA recognition capability and forego its transmit a 

■frame until again instructed or invited as above. 

The secondary station thus recog:nizes the following sequence before transmitting 
a response frame. 


Poll Frame 


Any Bit Stream (Not GA) 


GA Sequence 


where; 


a) The Poll Frame is a commandvJramevwhich requires or invites the station 
to transmit a frame, 

b) ’’Any Bit Stream" may be generated by up-loop secondary stations; that is, 
stations situated on the loop such that thej^ receive (and generate) bit sequences 
before these sequences, are received by the station in question. 


c) The GA sequence isureated by secondary stations when they resume their 
repeater function after sending their last frame. 



Loop Secondary Frame Forimts 

Secondary stations on a loop format frames when they arc transniitting as follows: 

Received: 0 1111111 (GA Sequence) 

Transmitted: 0 1 1 1 1 1 l 0 (Opening Flag) 

The secondary is in a repeating mode before and until it receives a complete GA 
sequence. In this mode, all received sequences from the iip-loop side are relayed tp the 
do\vn~loop transmitter. While re]3eating, some amcn-int,of logical transit dela}^ is 
necessary because of the requirement that the secondary hispect and withhold the 
GA sequence when it wants to send a frame. This transit delay is equivalent to a 
propagation delay through each repeating secondary. 

It is desirable that the logical transit, dslay be only one bit time in order to achieve 
highest efficiency, hi no case will this d ^'ay exceed 8 bit times. 

The secondary station always transmits a closing flag following the last frame it 
transmits and prior to relating the GA sequence. 

Secondaries are permitred to g^prate interfinme time-fill after changing the GA 
sequence to a flag and between consecutive frames sent by a given station. 

Once a secondary station recognizes a GA sequence and begias transmitting, it does 
not depend upon receiviiig steady one bits on its up—loop side as a condition for con¬ 
tinuing transmission. ' 






5.0 ELEMENTS OF PROCEDURE 

4 / ' --- 

This section defines the elements of procedure which represent the building blocks 
of CDCCP. The elements of procedure emply the basic frame structure delineated 
in Section 4. 

Using these common elements, various classes of control procedures which meet 
requirements of various application situations can be constructed. Classes of 
control procedures are discussed in Section 6. 

5.1 Operational Modes / 

CDCCP defines two primary operational modes. These are the Normal Response 
Mode (NRM) and the Asynchronous Response Mode (ARM). 

'/'.• A 

5.1.1 Normal Response Mode (NRM) 

NRM is an operational mode in wluch a Secondary station ma^^ initiate transmission 
only as the result of receiving.ej^plicit permission to do so from the Primary station. 
Explicit permission is defined as transmission by the Primary of a command frame 
with the Poll bit set to 1. Afterc3?ecelving permission, the Secondary shall initiate 
a response transmission. The response transmission may consist of one or more 
contiguous frames. The last frame of the transmission will be explicitly indicated 
by the Secondary by m?ans of a Final bit set to 1. Following transmission of the last 
frame, the Seeondar^c will stop transmitting until explicit permission is again received 
from the Primary. - y 
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5.1,2 Asynchronous Response Mode (ARM) 

ARM is an operational mode in which a Secondary may initiate transmission without 
receiving explicit permission from the Primary. Such an asynchronous transmission 
may contain single or multiple frames and is used for information field transfer and/ 
or status changes in the Secondary. Examples of status changes are the number of 
the next expected frame, change from a ready to a busy condition or vice versa, or 
establishment of an exception condition. 

In ARM, a Secondary will transmit a frame with a Fina;!: bit set to 1 only in response 
to a received command frame with the Poll bit set to 1. Additional response frames 
may be transmitted following the frame which has the Final bit set to 1. 

Should a Secondary on a FDX link be in the process of transmitting when a command 
v/ith the Poll bit set to 1 is received^ the Final bit will be set to 1 in the earliest 
possible subsequent frame to be tzrmsmitted*-’ 


5.1.3 Secondary Response Queuing 

Secondary stations do not queue, sequential responses for command frames received. 
In the operational defined above.ti;ie Secondary response to received command frames 
is predicated on station status at that time, any exception condition previously estab¬ 
lished, or the previmls^^receipt of a command which requires a specific response 
format. In the evonfea Secondary has no information field to send, the response shall 
be a single supervisor>ror unnumbered response frame. 
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5.2 


5.2.1 


5.2.2 


5.2.3 


5.3 


Transmission Formats 

The three control field formats introduced in Paragraph 4.4.2 and illustrated in 
Figure 4-3 are used to perform information transfer, basic supervisory control 
functions, and special or infrequent control functions. 

Information Transfer Format (I) 


The I format is used to perform an information transferis the only format 
which may contain an information field. The functions of sequence coimts and 
poll/final bit are independent, that is, each frame has a transmit send sequence 
count, the receive sequence count may or ma}’" not acltnovvledge additional frames 
at the receiving station, and the P/F bit may or may not be set to 1. 

Supervisory Format (S) /" 

The S format is used to perform link supcjuVisory contro 1 iunctions such as to 
aclmowledge information frames, to request retransmission of information frames, 
or to indicate temporary interruption.of receive capability. 

Umiumbered Format (U) 

The U format is used to provide .additional Primary and Secondary linlc control fimc- 
tions. This format contams no sequence numbers. As a result, 5 modifier bit posi¬ 
tions are available^which allow definition of up to 32 additional supervisory functions. 


Transmission Parametars 


The parainOters associated with the three transmission formats are described in the 
following pa ragrnphs. 



5.3.1 Sequence Number Modulus 

Each information frame is sequentially numbered and may have the value 0 through 
modulus minus 1 (where modulus is the modulus of the sequence numbers). Modulus 
equals 8 for the unextended control field, and the sequence numbers cycle through 
the entire range. See Paragraph 4.4.3 for a description of th5 extended control 
field modulus. - 

The maximum number of sequent fallmmibered irJormatic^a format frames that the 
Primary or Secondary may have outstanding (i.e., unacknowledged) at any given 
time may never exceed one less than the MODUX/oS of the sequence numbers. This 
restriction is to prevent any ambijguity in the association of transmission frames 
with sequence numbers during normal operation and/or error recovery action. In 
most cases, the number of outstanding frames is-further restricted by the station 
storage capability; e.g., the number of inf-OTmation response frames that can be 
^stored for transmission and/or reirarsmission in the event of a transmission error. 

5.3.2 Frame Variables and Sequence l^ u mbers 

In CDCCP operation, each station maintains a separate (independent) Send Sequence 
Number N (S) and a Receive Sequence Number N (R) on the information frames it 
sends and receives. Each Secondary station then maintains an N (S) count on the 
information format frames, .it transmits to the Primary, and an N (R) count on the 
information format frames it has correctlj^ received from the Primary. In the same 
manner, the Primary maintains separate N (S) and N (R) counts for information for¬ 
mat frames sent to and received from each Secondary on the linlv. 
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5.3.3 Send Stale Variable - S 

A Primary station and all Secondary stations capable of receiving' information format 
frames have a state variable, S, which denotes the sequence number of the next in 
sequence information frame to be transmitted. S can take on the value 0 through 
MODULUS ~1 (where MODULUS is the modulus of the seqiicnce numbering scheme 
and the numbers cycle through the entire range). The value of S is incremented by 
one with each successive information format frame transmission, but cannot exceed 
N (R) of the last received frame by more than MODULUS * . . 


c.,. 


5.3.4 Send Sequence Number N (S) 

Only information frames contain N (S), the sendvBequence number of transmitted 
frames. Prior to transmission of an in-s(XJV.ence information format frame, the 
value of N (S) is updated to equal the value of ihe Send State Variable S. The N (S) 
field comprises bits 2 thru 4 of the basic m: !e and bits 2 thru 8 of the first octet 
of the extended mode control field of all ^formation transfer frames. 


5.3.5 Receive State Variable - R 

A Primar}^ station and all Secondary stations capable of receiving information format 
frames have a state variable-, Rj^.. which denotes the sequence number of the next in 
sequence information frame to be received. R can take on the values 0 tlirough 
MODULUS -1 (wiiere MODULUS is the modulus of the sequence numbering scheme 
and the numbers^cyclo through the entire range). The value of R is incremented by 
the receipt oLaivorror fr-ee in-sequence information frame whose send sequence 
number N.v(S), .. equals R. • 
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5.3.6 Receive Sequence Number N (R) 

S" 

All information frames, supervisory command and supervisory response frames 
contain N (R), the expected sequence number of the next received frame. Prior 
to transmission or retransmission of a frame of the above three types, the value 
of N (R) is updated to equal the current value of the Receive Slate Variable R. 

N (R) indicates that the station transmitting the N (R) has cozncctiy received all 
information format frames numbered up to N (R) -1. fllie-N (R) field comprises 
bits 6 thru 8 of the basic mode and bits 2 thru 8 of the seeon^I octet of the extended 
mode control field of all information transfer and supervisory format frames. 


■j 


5.4 Poll/Final (P/F) Bit 

The Poll/Final (P/F) bit serves a function m both command and receive frames, 
Jr command frames, it is referred to as the Pbit. In response frames, it is 
referred to as the F bit. In both cases, the bit is set to 1. 


The P/F bit is located in bit 5 of tlie..vbasic mode control field and in bit 1 of the 
second octet of the extended,vinode control field. It is used in all three transmission 
formats. 

5.4.1 Poll Bit Fimctions 

The P bit is used by a^Primary to solicit a response or sequence of responses from 
Secondaries. 


In NRI\I, tlie P bit is set to 1 when the Primary desires to solicit information frames 
from a Scconclarv or solicit supervisory or unnumbered responses from a Seconda.ry. 

In NRiVI, the Secondary camiot transmit until a command frame with a P bit is received, 


« 42 - 



The Primary can solicit information frames by sending an information frame with 
a P bit or by sending certain supervisory frames with a P bit. The Primary can 
also restrict the Secondary from transmitting information frames by sendir^ a 
"receive not ready" supervisory frame with a P bit, 

hi ARM, the P bit is not used to solicit information frames since these can be trans¬ 
mitted by the Secondary on an asynchronous basis. The P^^ may, however, be used 
to solicit supervisory or unnumbered responses. For e?:ranpie, if the Primary wants 
to get positive acknowledgment tiiat a particular cumm?jid was received, it may 
set the P bit in the command. This will force the Secondary as 

described in Paragraph 5.4.2. 



5.4.2 Final Bit Functions 

The F bit is used only by a Secondary and only to respond to a P bit received from 
a Primary. 


In NRM, the Secondary is required to set the F bit to 1 in thcTlst frame of its 
response which may consist of one or more frames. Following the transmission 
of a frame with the F bit set to 1, the Secondary must halt .transmission until a 
command frame with a P bit set to 1 is received. 

In ARM the Secondary is required to transmit a response frame with the F bit set 
to 1 in response to a P bit but is not required to h?Jlt transmission. The F bit shall 
be sent at the earliest opportunity as a functica -of linl^ configuration, i.e., TWA or 
TWS. Since additional frames may be trai;Sniitacd by a Secondary in ARM following 
an F bit response, the F bit is net mtvi'pz'eted by the Primary* as the end of 
transmission. It simply serves to ihnlire the response to the Primary command 
frame with the P bit set. 

5.4.3 Checlvpointing 

Since P and F bits are exchanged .on a one for one basis and only one P bit can be 
outstanding at a time, the N (R) count of a frame containing a P or F bit set to 1 
can be used to deteet Lfraine sequence errors. This capability is referred to as 
checkpointing and can be used not onW to detect frame sequence errors but to indi¬ 
cate the frame, sequence-vnumber to begin retransmission. 


hi NR]\I the N (R) count of a received frame which has the P or F bit set to 1 shall 
•initiate retransmission if the N (R) does not acknowledge at least all I frames trans¬ 
mitted, previous to and/or concur: . nt with the last frame which was transmitted with 
tlie P or F bit set to 1. In all cases the N (R) count of a correctly received I or S 
format frame shall confirm previously transmitted I frames through N (R) -1. 
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5.4.4* 


i 

V. 


K. 


In ARM the N (R) count of a received frame which has the P or F bit set to 1 shall 
cause the receiver to initiate retransmission if the N (R) does not acknowledge at 
least all I frames transmitted previous to and/or concurrent v/ith the last frame 
which was transmitted with the P or F bit set to 1. 

Poll/Final Bit Simmary - - -- 

The figure below summarizes the applicability of P/F functions in the two operational 
inodes NRM and ARM and on two-way alternate (TWA) and tW’O’^way simultaneous 
(TWS) links. 


OPERATIONAL MODE 

NRM 

ARM 

LINK CONFIGURATION 

TWA 

TV 

^s 

TWA 

TWS 

P/R BIT IN 

COMMAND/RE SPONSE 

P 

I 

F f P 


P 

F 

P 

F 

Solicit Information 

X . 

• •.-J 

■V- ' 







Last Frame Indication 

X { X . 


X 





Solicit Supervisor or 
Umimnbered Responses 



X 


X 


X 


Che ckpointing 

yj] 


X 

X 

X 

X 

X 

X 


A C 




5,5 Commands and Kosponscs 

The following paragraphs define in detail each of the set of commands and responses 
used in each of the three transmission formats. Table 5-1 summarizes these 
commands and responses. 

5.5.1 Information Transfer (I) Format Command and Response 

llie function of the Information Transfer command and response is to transfer 
sequentially numbered frames containing an information field across a data link. 

The I command and response control field is encoded as follows: 

Control Field 
Bits 


Bit 1 of the I control field is al^?,^ays zero and identifies this frame as an I frame. 

The Information format control field contains two sequence numbers. Bits 2, 3, 
and 4 comprise .hi (S), ihe send sequence count which indicates the sequence number 
associated with this information frame. Bits 6, 7, and 8 comprise N (R), the 
receive seciiienee count which indicates the sequence number of the next expected 
infomrationformat frame to be received. The N (R) implicitly acimowledges correct 
receipt of information frames numbered up to N (R) -1. 


First-2 3 4 5 6 7 ^ 


Transmitted 

0 

N (S) 

P/F 

N (B) 1 

, .i... 

Ihfor Illation 

Transfer 

Format 

Com 

Po 

Resp 

Wij 

ir’ 

^ai i 

1 

f-.V.p.V.' 


Send Sequence Receive 

Count Sequence 

ModifLo 8 Count 


Modulo 8 
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FORMAT 

COMMANDS 

RESPONSES 

Information 

I 

- Inlbrmation 

I 

- Information 


RR 

- Receive Ready 

RR 

- Receive Ready 

Supervisory 

RNR 

- Receive Not Ready 

RNR 

- Receive Not Ready 

REJ 

- Reject 

REJ 

- Hoject- 


SREJ 

- Selective Reject 

SREJ 

- Selective Reject 


SNRM 

Set Normal Response 
Mode 



SARM 

Set Asjmchronous 
Response Mode 



DISC 

- Disconnect 



RSPR 

- Response Reject 



SNRME 

Set Normal Response 
Mode Eni ended 


Umiumbered 

SARME 

Set As>T:ehronous Re¬ 
sponse l\kve Extended 



NSI 

- 

NSI 

- 


sm 

- * ^ 



o|p 

- 




UA 

Unnumbered 

Aclviiowledg'e 



CMDR 

- Command Reject 



RQI 

- 



ROL 

- 


TABLE 5~1. COIMMAND/RESPONSE SUMIMAExY 
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FORMAT 

COMMANDS 

RESi>ONSES 

Inlormation 

I 

- Information 

I 

- Information 


HR 

- Receive Ready 

RR 

- Receive Ready 

Supervisory 

RNR 

- Receive Not Ready 

RNli 

- Receive Not Ready 

REJ 

- Reject 

REJ 

- Reject 


SREJ 

- Selective Reject 

SREJ 

- Selective Reject 


SNRM 

Set Normal Response 
Mode 


■ 

SARIM 

Set As3mchronous 
Response Mode 

r 


DISC 

- Disconnect 



RSPR 

- Response Relcet 

■ 


SNR]\IE 

Set Norinnl Response 
Mode En.ended 


Unnumbered 

SARI\IE 

Set As^r.chronous Re¬ 
sponse AMee Extended 



NSI 


NSI 

- 


sm 

- ■ 



ORP 

- 


-A 


UA 

Unnumbered 

Acknowledge 



CMDR 

- Command Reject 



RQI 

- 



ROL 

- 


TABLE 5-1. COI\EMAND/RESPONSE SUIMIMARY 


- Al 





FORMAT 

COMMANDS 

RESi^ONSES 

Information 

I - Information 

I - Information 

1 Supervisory 

RR - Receive Ready 

RR “ Receive Ready 

RNR - Receive Not Ready 

RNR - Receive Not Ready 

REJ - Reject 

REJ Reject 

SREJ - Selective Reject 

SREJ - Selective Reject 

1 Unnumbered 

SNRM - Normal Response 

Mode 


SARM - As^mchronous 

Response Mode 

t 

DISC - Disconnect 


RSPR - Response Rejcei: 


SNRI^.IE - Response 

Mode E..:endea 


SARME - Asynchronous Re¬ 

sponse Alone Extended 



NSI 

NSI - 

SBI - ■ -- .' 



ogy - 




_ Unnumbered 

Acknowledg'e 



CMDR- Command Reject 

.Y‘ »• •.•. • •. •• •• • • • 1* 


t—t 

1 

f 


- 

ROL - 


TABLE 5-1. COI\L'\IAND/RESPONSE SUMMARY 






FORMAT 


COMMANDS 


RKSi^ONSDS 


Information 

- Ml. ■ -- 

I - Information 

I -> Information 

Supervisory 

RR - Receive Ready 

RR “ Receive Ready 

RNR - Receive Not Ready 

RNR - Receive Not Ready 

REJ - Reject 

REJ - Reject- 

SREJ - Selective Reject 

SREJ - Selective Reject 

Unnumbered 

SNRM - Normal Response 

*" Mode 


SARM - As^mchronous 

Response Mode 

—- 

DISC - Disconnect 


RSPR - Response Reject 

' 

SNRI\IE - Response 

Mode Le.endea 


Set As^,’n^--bronous Re— 
sponse I\Iv.^de E?d;ended 



NSI 

NSI - 


SUM - ■ - 



ORP 




_ Unnumbered 

Aclmowledge 


CMDR- Command Reject 


RQI - 


ROL - 


TABLE 5-1. COI^IMAND/RESPONSE SUMMARY 













FORMAT 

COMMANDS 

RESJ>ONSES 

Information 


- Information 

I 

- Inl’ormation 


RR 

- Receive Ready 

RR 

“ Receive Ready 

Supervisory 

RNR 

- Receive Not Ready 

RNR 

- Receive Not Ready 

REJ 

- Reject 




SREJ 

“ Selective Reject 

SREJ 

- Selective Reject 


SNRM 

Set Normal Response 
Mode 

■ ■ > ■ ■ ■ ■ ... - 


SARjM 

Set As^Tichronous 
Response Mode 

. 

f 

r 

..... 

.•AV/' 


DISC 

- Disconnect _ 

•/ 

1 

RSPR 

- Response Rejoet 



SNRIME 

Set Normal Response 
Mode Enaer.ded 


Uimumbered 

SARIME 

Set AsjTic.hrcnous Re- 
” sponse Mcae Extended 



NSI 


NSI 

- 


sm 

- * vR. 



ORP 

- 




UA 

Unnumbered 

Acknowledge 



CMDR 

- Command Reject 



RQI 

- 



ROL 

- 


TABLE 5-1. COiMMAND/RESPONSE SUMMARY 
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FOIiMAT 

COPJMANDS 

RESl^ONSES 

Inlormation 

I 

- Information 

I 

- Information 


RR 

- Receive Ready 

RR 

- Receive Ready 

• 

Supervisory 

RNR 

- Receive Not Ready 

RNR 

- Receive Not Ready 

REJ 

- Reject 

REJ 

- Reject 


SREJ 

- Selective Reject 

SREJ 

- Selective Reject 


SNRM 

Set Normal Response 
Mode 



SARjM 

Set Asynchronous 
Response Mode 

■•'•nvnn'Ovnv 

nn-'-'--- 



DISC 

- Disconnect „ ‘ . 



RSPR 

- Response Reioes 



SNRLIE 

Set Normal. Response 
Mode E.ave 2 :ided 


Unnumbered 

SARME 

Set As\Tichronous Re¬ 
sponse Mole Extended 



NSI 


NSI 

- —^— -—-- 


SEM 

- ‘ 



ORP 

- 




UA 

__ Unnumbered 

Acknowledge 



CMDR 

- Command Reject 



RQI 

- 

■ 


ROL 

- 


_ _ 


TABLE 5-1. C0:M.ALVND/RESP0NSE SUMMARY 












FOHMAT 


Inlormation 


COMMANDS 



I 

- Information 

RR 

- Receive Ready 

RNR 

- Receive Not Ready 

REJ 

- Reject 

SREJ 

- Selective Reject 

SNRM 

Set Normal Response 
Mode 

SARM 

Set As^mchronous 
Response Mode j 

DISC 

- Disconnect 


RESPONSES 


I - Information 


HR - Receive Ready 



SREJ ~ Selective Reject 


RSPR - Response Re; 


SNRIME ~ 

Mode E:--;encea 


SARME - Set Asjxchroix>us Re- 
sponse Moje Extended 


NSI 


SUM 


ORP 




_ Unnumbered 
Acknowledge 


C M DR -Co mmand R cj c c t 


RQI - 


ROL - 


TABLE 5-1. COI\LMAND/RESPONSE SUiaxMAR\ 
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1 


5.4.2 


Bit 5 is the Poll/Flnal bit v/hich functions as described in Paragraph 5.4. 

Supervisory (S) Commands and Responses 

Supervisory format commands and responses are used to perform basic link 
supervisory control functions such as acknowledgment, polling', and error recovery 
Frames with the supervisory format shall not contain an mforn'Kition field and there 
fore do not increment the sequence counts at either the.transmitter or the receiver. 
The Supervisory command and response control fields arc encoded as follows: 




First Bit- 

Transmitted 




7 -S 


Supervisory 

Format 


P/F 


N (R) 


Command 
“Poll 

Hesp oiise \ 

Final 1 


Control Field Bits 


Supervisor}," 

Codes 


Receive Sequence 
Coimt 
Modulo 8 


Bits 1 and 2 of the S control field identify the frame as an S Frame. 

Bit 5 is the Poll/Final bit vvhieir fimctions as described in Paragraph 5.4. 

Bits 6, 7, and 8 ecauprise.the N (R), receive sequence coimt, which Indicates the 
sequence number of the next ex^Dected information format frame to be received. It 
also impliclily acimowledges correct receipt of information frames numbered up 
to and including N (R) -1. 
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Bits 3 and 4 of the S control field define the supervisory function and are encoded 
as follows for both command and response frames; 


Bit 3^ 4 Comms-nd/Response 

0 0 RR - Receive Ready 

0 1 REJ - Reject 

1 0 RNR " Receive Not Ready 

1 1 SREJ - Selective Reject 


The following paragraphs delineate each of these comiriands. and responses, 




5.5.2.1 Receive Ready (RR) - Command said Response 

The Receive Ready (RR) supervisory frame Is used oy the Primary or Secondary 
to indicate that it is ready to receive an iT^iormaiion frame and to acknowledge 
previously received information frani^^s nunj:>ered up to and including N (R) -1. 


A Primary may use the RR command with the Poll bit set to 1 to solicit responses 
from, i.e., "poll", Secondary shit ions. 


5.5.2.2 Reject (REJ) Command and Response 

The Reject (REJ) supervisor}'frame is used b\^ the Primar}'- or Secondary to request 
retransmission of format frames starting with the frame numbered N (R). 

Information format frames numbered N (R) -1 and below are acknowledged. Additional 
I frames penduig initial transmission may be transmitted following the retransmitted 
I frame(s)^ 
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Only one REJ exception condition, from a given station to another station, may 
be established at any given time; another REJ or SREJ may not be actioned until 
the first REJ exception condition has been cleared. 

The REJ exception condition is cleared (reset) upon the receipt of an I frame with 
an N (S) coimt equal to the N (R) of the REJ command/re sprmse+; 

See Section 7 for sequence error recovery protocols. 




5.5,2.3 Receive Not Ready (RNR) Command and Response 

The Receive Not Ready (RNR) Supervisory frame.is used by the Primary or Secondary 
to indicate temporary inability to accept additional nicoming information format frame 
Information format frames numbered up to ami mcluding N (R) -1 are acknowledged; 
information frame N (R) and a.ny subscqueiit Information format frames received, il 
any, are not aclmowledged. 


A station receiving an RNR frame when in the process of transmitting (i.e., a FDX 
station) is to stop transmitting at.the earliest possible time by completing or aborting 
the frame in process. 


The Primary station may use the RNR command witli the Poll bit set to ”1" to obtain 
the receive status of a Secondary station. The Secondary response will be either RR 
or RNR with set to "1”. 


r:n „ 



^ 5. 5.2.4 SclcctivG Reject (SREJ) Command and Ecsponse 

f ■ 

The Selective Reject, SREJ, Supervisory frame is used by the Primary or Secondary 
to request retransmission of the single information numbered N (R). 

Information formnt frames numbered through N (R) -1 and below are acknowledged. 
Once a SREJ has been transmitted the only I frames acceplefl are those which are 
numbered contiguously and in sequence following the I frame requested and the 
specific retransmitted I frame indicated by the N (R) in the HREJ command/response. 

The SREJ exception condition is cleared (reset) upon receipt of an I frame with an 
N (S) count equal to the N (R) of the SREJ comma:,d^response. 


X. 


After a station transmits a SREJ it may net transmit SREJ or REJ for an additional 
sequence error until the first SREJ error cerudition has been cleared. (To do so would 
acknowledge as correctly received aU frames up to N (R) -1, where N (R) is the sequence 
number in the second SREJ or REJ). 


I frames that may have been transmitted following the I frame indicated by the SREJ 
command/response are not retransmitted as the result of receiving a SREJ. Additional 
I frames pending initiat transmission m.ay be transmitted foliownng the retransmission 
of the specified I frame ■requested by the SREJ. 


See Section 7 for sequence error recovery protocols. 
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UimumbcrGa (U) Commands and Pvcsponscs 

TIig Urniumbcrod (U) format commands and responses are used by the Primary 
and Secondary to extend the number of linlc supervisory functions. Frames trans¬ 
mitted with the unnumbered format do not increment the. Send Sequence counts 


N (S) at either the transmitting or receiving station. Five modifier bits are defined 
which allow up to 32 additional supervisory functions. Of these 10 are defined. The 
remaining combinations are reseiwed for future assignment. The Unnumibered com¬ 
mand and response control field is encoded as follows-: 


First Bit 
Transmitted 


1 2 3 4 5 6 7 B 


1 1 


M M 


P/F 


M M :vi 


Unnumbered 

Format 


Comm’Tad 

Poll™ 

Re spy- 
mal 


Control Field Bits 


Bits 1 and 2 of the U format coalTol field identify the frame as a U frame. 


Bit 5 is the PoU/Fhial bit which hmetions as described in Paragi'aph 5.4. 


Bits 3, 4, 6, 7, and S are the modifier bits and are encoded as shown in Table 5-2, 


Each of these eommaiidsxand responses is detailed in the following paragraphs. 
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3 

. 

4 

BITS 

6 7 

8 

DEFINITION 

USED AS 

Command 

Response 

0 

0 

0 

0 

0 

NSI 

- Non Sequenced Information Frame 

X 

X 

0 

0 

0 

0 

1 

SNRM 

- Set Normal Response Mode 

X 


0 

0 

0 

1 

0 

DISC 

- Discomiect 

Tr 


0 

0 

1 

0 

0 

ORP 

- Optional Response Poll 

X 


. 0 

0 

1 

1 

0 

UA 

- Unnumbered Aclmov/ledge 


X 

1 

0 

0 

0 

0 

SIM 

- Set Initialization Mode 

X 







RQI 

- Request for Initialization 


X 

1 

0 

0 

0 

1 

RSPR 

- Response Reject 

X 







ChlDR 

- Comnnind Refect 


X 

1 

1 

0 ' 

0 

0 

SARM 

- Set As^^mctronous Response Mode 

X 







ROL 

- Request Online 


X 

1 

1 

0 

1 

0 

SARME 

- Set ARl\i EMrended 

X 


1 

1 

0 

1 

1 

SNR ME 

- Sot NHiM Untended 

X 


AJJ Others 



Reserved For Fiitiire Assignment 




TABLK 5.-^2. UNNUMBERED FORMAT - MODIFIER BIT ENCODING 
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5.5.3.1 Non Scqiicnccd IniorTnation (NST) - Comiruind and RcsponsG 

HiG Non Sequenced Information frame is used to convey non sequenced information 
to the Secondary (Command) or from the Secondary to the Primary (Response). 

An NSI frame is not aclmowledged. • „ 

5.5.3.2 Set Normal Response Mode (SNRM) Command 

Ihe SNRM command is used to place the addressed Secondary station in the Normal 
Response Mode (NRM) where all control fields are on octet in length. No informa¬ 
tion is permitted with the SNRM command. 

The Secondary station confirms acceptance of SNRM by transmission of an Unnum¬ 
bered Acloiowledge (UA). Upon acceptance of tMs command the Secondarj^ station 
send and receive counts are set to zero. 

Previously transmitted frames that r^'e luia-cimowledged when this command is 
actioned remain unaclviiowledged. 

5.5.3.3 Disconnect (DISC) Conmiand 

Hie DISC command is used in’ switched netwm’ks to perform a physical disconnect; 
i.e., cause the addressed station to go "on-hook”. It is also used in non-sv/ltched 
networl^ to perform aiogicnl discomiect; i.e., inform stations that the Primary 
is suspending operation with that Secondary station. No information field is per¬ 
mitted wath the DISC command. ]?rior to actioning the command the Secondary con¬ 
firms acceptance of DISC by the transmission of a Non- Sequenced, NSA. Upon 
actioning this cammand the Secondarj' station is placed in the miextended (i.e., single 
• octet) control field mode. 



Previously transmitted frames that are unacimov/ledged when this command is 
actioned remain unacknowledged. 

5.5.3.4 Optional Response Poll (ORP) Command ^ 

An Optional Response Poll command is used to solicit transmission from the 
addressed Secondary station. An I field is not permitted in an ORP frame. 

5.5.3.5 Unnumbered Aclmowledge (UA) Response 

The Umiumbered Acimowledge response is used b 3 ^ a Sc-'''ondary to acknowledge 
receipt and acceptance of an unnumbered command. The UA response is transmitted 
in the normal or extended control field format as dii'ected by the received unnumbered 
command. No information (I) field is permuted with the UA response. 

/ ,5.3.6 Set In itialization Mode (SIM) Comman d 

V,.:;. 

The SIM command is used to initiate system specified link level initialization proce¬ 
dures at the Secondary station. The. expected response is UA. Both Primary and 
Secondary N (R) and N (S) coimPs are reset to zero. 

^^ ^ Reqtiest for Initializa tio n (RQI) R e sponse 

An RQI is transmitted a Secondary to notify the Primary of the need for a SIM 
command. Tlie receipc of command except a SIM will cause the Secondary to repeat 
the RQI. 

5.5.3. 8 Response Reject (RSPR) Command 

The RSPR command is used by tlie Primary station to report that one of the following 
conditions resulted from the receipt of an error free frame from tlie Secondary station. 
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@ 'The receipt of a response that is invalid or not implemented. 

® The receipt of a response having an I frame with an Information field 

which exceeded the size of the buffer available. 

© The receipt of a response frame having an invalidcount. (See 
5.5,3. S for definition of jm invalid N (R) count). .... 

A Status field is returned with this command to provkte.the reason for the Response 
Reject, RSPR. Refer to Section 5.5.3.9 for the size and content of the Status field 
and Extended Status field except substitute "resi^onse reject" for "command reject" 
and "Primary station" for "Secondary station’'^ 

^'• ^ Comniaiid'Reject (CIv'IDR) Response 

The CRPDR is used by a Secondary .o report that one of the following conditions re¬ 
sulted from the receipt of an error tree frame from the Primary. 

© The receipt of a command tint is invalid or not implemented. 



© The receipt apanj fraaite with an I field which exceeded the size of the 
buffer available. 

® The receipt of an invalid N (R) count from the Primary. An invalid N (R) 
is defined as a coimt which points to an I frame which has previously been 
transmitted and acknowledged or to an I frame which has not been traiisniitted 
• ' and is not tlie next sequential I frame pending transmission. 


- 56 - 




f" 


A status field is returned with a CMDR to provide the reason for issuance of the 
CMDR. The status field contains the following fields and infornaation. 




First Bit 
Transmitted 


1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 


Rejected Control 
Field 


N (S) 


N (Ry. .}. w X y z 


Status 
Field Bits 


where: 

Rejected Command Control Field is the control field of the received frame which 
caused the Command Reject. 

N (S) is the cm'rent Send Sequence Variable the Secondary. 

N (R) is the current Receive Sequence Variable value at the Secondary. 

w set to ’T" indicates the control field received and returned in bits 1 through 8 was 
invalid or not implemented.. 

X set to "1" indicates the control field received and returned in bits 1 through 8 was 
considered invalid beca''-^se the frame contained an mformation field which is not per ¬ 
mitted with this command. Bit w must be set to "1" in conjunction with this bit. 

^ set to the information field received exceeded the buffering available 

at the Secondary. This bit is mutually exclusive with bit w above. 
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z set to "1" indicates the control field received and returned in bits 1 through 8 
contained an invalid N (R) count. This bit is mutually exclusive with bit w above. 

An all zero information field (including w, x, y, and z all equal to zero) indicates 
an unspecified rejection of the command. 

If required the information field contained with the ChlpK.m be padded with zero 
bits to provide a modulo of the character width being.us^d. 

The format for the status field relumed with the ChIDR response is as follows 
when Control Field Extension (see Section 4.4.3) is used: 


STATUS FIEUU BITS 


1 16 

17 J IS ~ i 25 : 26 32 

33 

36 

Rejected Extended 
Command Control Field 

0 ! N (S) ! 0 
- ! 

N (R) 

w 

-- 

y j z 


5. r. 3.10 Set Asmehronous Response hleJo, (SARM) Command 

The SARM command is used to irkice the addressed Secondary station in an Aojnchroii 
ous Response Mode (AR:\I> where all control fields are one octet in length. No infor¬ 
mation field is permJ-tted with the SARM command. 

The Secondary cciXims acceptance of SARM by tlie transmission of an Unnumbered 
Acloiowlcdao iVA). Upon acceptance of this command the Secondary station send .-md 
receive sequence comits are set to zero. 


r o 




% 


Previously transmitted frames that are iinacloiowlcdgcd when this command is 
actioned remain unacknowledged. 


5,5.3„11 Request Online (ROL) Response 

ROL is transmitted by a Secondar}'- to indicate that it is disconnected. 

5.5.3., 12 ' Set NRM Extended (SNRME) Command 

The SNRME command is used to palace the addressed Secerndary station in the Normal 
Response Mode Extended (NRME) where all control iicx’s will be tv/o octets in length 
as defined in Section 4.4.3. The fecondary station confirms acceptance of SNRIVIE 
by transmission of a Non-Sequenced Aclmowledge^ NSA response. Upon acceptance 
of this command the Secondary send and receive counts are set to zero. 


k... 


previously transmitted frames that are uraudmcwledged when this comniand is 
actioned remain miacknowledged. 


5.5.3,. 13 Set ARM Extended (SARIME) Command 

The SARME command is used to place the addressed Secondary station in the 
Asynchronous Response Mode Ext'^nded (ARME). 
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'">.G Timers and Retry Coimts 

'■’l, 

5.6.1 Primary NRM Response Timeout 

In order for the primary to detect a no response or lost response condition, each 
primary must provide a response timeout function. 

In NRM, this timer is started whenever a command fram0 the P bit set to "1” 

■ • is transmitted. The tinier is res'tarted upon receipt -of error free frame with the 

F bit set to "0" and is stopped upon receipt of an error '• rce frame with the F bit 
set to ’1". No more tlian one P bit may be out.tuiding:at one time. Should the 
timer expire, appropriate higher level action sliuP b-e initiated. 

The duration of the timer is a function of frame length and link characteristics. 

( A It is tlierefore system dependeiit and subject io-bi~lateral agreement. 

- 5.6.2 Pinmary ARiM - Response Timeout 

This timer is the ARM equivalent of the Primary NRM timer. The difference is 
that in TWS, the timer is not re slanted. hi TWA the timer is restarted upon trans¬ 
mission of each frame imtil the link is relinquished by the primary going to idle state. 

5.6.3 Secondarv ARINI - Command Timeout 

- - k. _ . r.. wh 11 ■ ■■ — 

In ARM each secondary must provide a command timeout in order to detect a no 
command or lost command condition. 





^ This timer is started with the transmission of an I frame. It is restarted in 

s 

TWA with the transmission of each frame until the link is relinquished by the 
secondary going to idle state. In TWS, the timer is never restarted. The timer 
is stopped by the receipt of an error free frame containing the expected N (R). 
Expiration of the timer shall initiate appropriate higher level recovery action. 

The duration of the tinier is system dependent and subject.to bi-lateral agreement. 

5.6.4 Idle Timer 

The detection of an idle link condition may reqitire^.the.-tise of a timer to detect receipt 
of a "continuous ones" condition for 15 bit times if the facility does not provide clock 
signals in an idle condition. 

1.6.5 Retry Counts 

'C... —- 

Each station should include a retry coimlcr to control the number of retransmissions 
resulting from timeouts. The tyiDes of action which should be retried are attempts 
to initialize a station, resume commmiication with a busy station, and obtain aclmow- 
ledgment of a command. Themumber of retries is system dependent and subject to 
bi-lateral agreement. The counter would normally be set to a value ”n". If n plus 
one is reached the coiidliion is reported to higher level as unrecoverable at link level. 
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EXCEPTION CONDITION REPORTING AND RECOVERY 
This section describes the recovery procedures which are available to effect 
recovery following the detection/occurrence of an exception condition at the link 
level. Exception conditions described are those situations that may occur as the 
result of transmission errors, station malfunction or operational situations. 

For each exception condition, a description of the causey, procedure to be 
followed upon detection, and recovery from the condition are described. 

Busy Condition 

A busy condition occurs when a station temporarily cannot receive or continue to 
receive Information frames due to internal coiisteints, e.g., receive buffering 
limitations. A station in a busy condition v HI discard incoming sequenced or 
non-"Sequenced miormation frames. 

Tlie ’h>usy" condition is reported b5'transmission of an RNR frame with the N (R) 
number of the first information fimmc that is expected. Traffic pending transmission 
may be transmitted prior to cr folio vving the RNR. The continued existence of a 
bus 3 " condition must be reported -by-'retransmission of RNR at each P/F frame 
exchange. 

A Secondary transmiHing in NRM will upon receipt of an RNR cease transmission at the 
earliest possible time. Tlie frame m process may be completed or aborted, however 
transmission must be terminated in Hie usual manner; i.e., either ended v/ith a frame 
with the.F.bit .set to "1" (see example. Appendix D) or going to the Idle Link State. 

The Secondary may resume transmission of I frames at the next poll command (an 
RR, likJy .SREJ, or I coimnand frame with the P bit set to "1"). 



A Secondaiy transmitting in ARM will, upon rccciy:)! of an RNR, cease transmitting 
at the earRest possible time by completing or aborting the frame in process and 
going to the Idle Link State. If the RNR command frame had the P bit set to "1” 
the Secondary must transmit a frame with the F bit set to "1" before going to the 
Idle Link State. See examples in Appendix D. Tlie Secondary must perform a 
Response/Command Timeout before resuming asjmchronou.s trar^smission. 

The busy condition is cleared at the station which transrnil'too" the RNR when the 
internal constraint ceases. 

Clearance of the busy condition is reported to the rcmiote station by transmission 
of an RR, REJ, or SREJ frame (with or without the P/F bit set to "1"), or by 
transmitting an I frame with the P/F bit set to 

N (S) Sequence Error 

An N (S) sequence exception is established in the receiving station when an Information 
frame received error free (no FCS error) contams an N (S) sequence number that 
does not agree with the stations. N (R) sequence nmnber. The receiving station does 
not aclmowledge (increment its N (R) number) the frame causing the seq^aence error 
or any I frames wliichnnay follow^ imtil an Information frame with the correct N (S) 
number is receivecL 

A station which receives one or more valid frames havmg sequence errors but other¬ 
wise error tree will accept tlie control information contained in the N (R) number and 
the P/F bit to perform link conti*ol functions; e.g., to receive aclmowledgment of 
pre\loiisly transmitted information frames (via the N (R) number), to cause a 
Secondaiy station to respond (Pbit set to ”!")» oiid in NRIM to detect that the secondary 
will terminate transmission (F bit set to "I")- 



Followjjig the detection of a sequence error, one of three recovery procedures 
is implemented to achieve recovery. These are: 

a) REJ Recovery 

b) Poll/Final Recovery 

c) SREJ/REJ Recovery 

Which of the recovery procedures is used is a fimction of v,hcther SREJ is imple- ' 
mented by a given secondary; and, in the case of REj vs Poll/Final recovery, 
largely a matter of sj^stem choice and efficiency- The BEJ recovery procedure 
is more efficient especially on TWS links. The PoH/Final Recovery is always 
a poll-back recovery scheme should the REl he errored in transmission. 

.2.1 REJ Recovery / 

The REJ command/response is prin^arily-u^vi^cl to initiate more timely exception 
recovely (retransmission) foliowmgnhe detection of a sequence error than is 
possible by PoU/Final recovery; o.g., in FDX information transfer if REJ is 
immediately transmitted upo.i detocuion of a sequence error there is not requirement 
to wait for a Poll/Final frame exchange. See examples in Appendix D. 

Only one REJ exceptionvcondition is established at any given time and the REJ 
command/responsc may IjO transmitted only one time. 

A station rcccixing REJ initiates retransmission of I frames starting with the I frame 
indicated by the K (R) number contained in tlie REJ frame. 



^ Tlio HEJ exception condition is cleared (reset) upon the receipt of an I frame with a 

'' ■ F (S) numlxir equal to liic N (R) number of the REJ command/response. 


6.2.2 Poll/Final Recovery 

If, following a sequence error, the REJ command/response is not received (i.e., 
either not transmitted or due to transmission errors) recovery Is initiated by P/F 
bit exchange. Following the exchange of Poll/Finai frames, sequential transmission 
of Information frames (if available) is initiated starting wj;h any previously transmitted 
but imacknowlcdged I frames or, if none, starting Vvlth .additional I frames not previously 
transmitted. See examples in Appendix D. A station which has received and actioned 
a REJ prior to or concurrent with the receipt of a Poll/Final frame will not additionally 
initiate Poll/Final recovery. ^ 

•/ 3.2.3 SKr.J/REJ Recovery “ 

V... -- 

• Tlie SRE J command/response is primarii: used to initiate more efficient error recovery. 
by requesting the retransmission of. a sh^ie information frame following the detection 
of a sequence error rather tlimi the retransmission of the frame requested plus all 
additional frames wiiich may have been subsequently transmitted. To improve trans¬ 
mission efficiency, it is recommended tliat the SREJ commaiid/response be transmitted 
as the result of the detection nf a sequence error where only a single I frame is missing 
(as determined by receipt of ihe out-of-sequence N (S) number). 

6.2.3.1 SREJ Recovorv -^^-- 

^VIlen a frame souuonce error is detected tlie SREJ is transmitted at the earliest 
possible lime. Although multiple SREJ (or multiple SREJ and one REJ) exception 



conditions may exist within a station, only one exception recovery is actioned at aiiy 
given time; i.e., after a station starts the SREJ recovery procedure it may not begin 
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a second SREJ or a REJ recovery procedure until the first error condition has been 
cleared. For a given error condition the SREJ command/response is transmitted 
only one time in each Poll/Final frame exchange. 

The SREJ exception condition l)emg actioned is cleared (reset) upon the receipt of an 
I frame with an N (S) number equjal to the N (R) of the SRFJ connaiand/response, 
i.e., the missing I frame. 

See examples in A]Dp8ndix D. 


6.2.3.2 REJ Recoverv 


In the event the sequence error is caused by tv'o or more sequential frames not 
being received, as determined by the jS* (S) numbers, it is recommended 

that the REJ command/response \je ir^^asniii-ued. 

Only one REJ exception condition is established at any given time. (Note that there 
may be one or more SREJ exception conditions pending when the REJ exception 
condition occurs). A station receiving REJ initiates retransmission oi I frames 
startin®* with I fi*ame indicated by the N (R) number conta.ined in the REJ frame. 


The REJ exception condition is cleared (reset) upon the receipt of an I frame with 
an N (S) number equal to the N (R) of the REJ eommand/response. 



6.2.3«3 Retransmission of SREJ or RKJ 


In tlie event the SREJ or REJ command/response is transmitted but not received 
by the remote station (i.c., due to a transmission error) it must be retransmitted 
following detection that it was not received. This detection will occur either at the 
exchange of P/F bit frames (as described below) or by a Respopse/Command Timeout. 
In either case the SREJ or REJ command/response is retransmitted so tliat the pro¬ 
per recovery action may be execute 


For example, in the case where a SREJ (or REJ) is tiaLUsmicted by a Secondary but 
is not received correctly by the Pirimary, the Secondary senses the SREJ (or REJ) 
must be retransmitted when, following transmission of a response frame with Final bit 
set to "1" concurrent with or after the SREJ (or REj), the requested frame(s) is not 
received by the Secondary prior to or concurrorJ vcith the receipt of a command frame 

-hn HI H -r.-^ ''VO'*'"’-- since the Secondarv transmitted the SREJ 

(or REJ) concurrent with or before senclntj the response frame with the Tinal bit 
set to "1”, then the I frame(s) requested by SREJ (or REJ) should be received prior 
to or concurrently ^vith the next comm-Uid frame with Poll bit set to "1". 

In like manner if a Primary which has transmitted a SREJ (or REJ) does not receive 
the requested I frame(s> prior to or concurrent mth receiving the response frame with 
tlie Final bit set to ’T" which is itself in reply to the first command frame with the Poll 
bit set to "1" concurrent vAih or following tlie SREJ, it will retransmit the SREJ 
(or REJ). 


hi Rie event the remote station, diae to a transmission error, docs not receive (or 
receives and discards) a single I frame or the last I frame(s) in a sequence of I frames 
it will no[ detect an out-of-sequence exception condition and therefore will not tiansiiiit 
SREJ/REJ The station wliicli trmisniittcd the unacknowledged I framc(s) will, following 




the completion of a system specified timeout period take appropriate recovery 
action to determine the point where retransmission must begin. 

In the event an SREJ is transmitted but not received (or is received in error and 
discarded) the station that transmitted the SREJ may convert the SREJ to REJ 
when again reporting the exception condition (c.g., if additional tz'ansmission errors 
have occurred since the SREJ was first transmitted). 

FCS Error - 

Any fra^me received vnth an FCS error is not acoepted In'the receiver. The frame 
is discarded and no action is taken as a result of that frame. Should the frame with 
an FCS error have been a response frame fre^n the Secondary with the F bit set to ”1 
a resulting timeout will occur at the primary prior to initiating recovery action. 

CMDR/RSPR Condition 

A CFjDR or RSPR exception conditiomis established upon the receipt of an error-free 
frame which cannot be actioned by the receiver for any of several reasons including: 

a) the frame contains an invalid command or response in the control field. 

b) the frame foinnmt is hivalid. 

c) the frame oontams .mz invalid N (R) number. 

d) the frame contains an information field which exceeds the stations buffer 
capability. 



At a primary stalian, receipt of a Command Reject (CMDR) is subject to resolution 
and recovery at a higher level tlian link control. 

At a secondary station, receipt of a Response Reject (RSPR) is subject to resolution 
and recovery at a higher level than link control. 

The detection of a command reject condition at a secondary, station is reported by 
transmitting a CMDR response to the primary static i for action. When a secondary 
has established a CAIDR exception condition, any add.nv-val commoiids received, 
other than those which clear the CMDR exception condition, are monitored only to 
detect a respond opportimity to retransmit ChlDRr Ido additional commands are 
accepted or actioned until the condition is cleared by receipt of a SNRM, SNRklE, 

SARM, SARME, SIM, or DISC commaixl. 

6.5 Modulo Count Overflow Condition 

A station establishes the modulo coUi^t overflow condition when the number of outstanding 
(unaclmowledged) sequenced 1 irames equals modulo-1. 

^\llen this condition occurs the transmission of sequenced I frames is halted. The 
last I frame transmitted should have the P/F bit set to "1" or should be followed by 
an RR command or response with the P/F bit set to ”1". If the primary expeiiences 
die condition the P 1 will solicit the secondary to send an N (R) aclmowledgment 
which may or may not Update tlie acknowledged frame coimt. If the secondary encoim- 
tered flic overfloNr the F = 1 will indicate to the primary tliat no further I response 
frames will be for flic oming. 



CLASSES OF PROCEDUIIE 

Procedural diflcrcnces among applications, based on overall system considerations 
such as network configuration, recovery procedures, terminal sophistication, etc., 
are accommodated in CDCCP by defining various classes of procedure. These 
classes combine the modes of operation (ARM and NRM) and commands and responses 
of Section 5 with the exception recovery procedures of Sect !071 6, Each class forms 
an implementation subset of CDCCP procedures. A classes thus characterized as 
the ability at the primary to receive and action all re^^ponses in the prescribed 
subset and the ability at the secondary to receive and action all commands in the 
prescribed subset. - " 

All classes of procedure use the frame stnictnris of Section 4. All procedures assume 
that the links include primary and secondaz-y fmk controllers. The primary link 
controller is responsible for control vf the ihik by determhiing, withm tlie constraints 
of this standard, which commands send. Prinmry link controllers transmit only 
commands, in frames (with or withciit data). Secondary link controllers receive the 
command frames and transmit responses in frames (with or without data). 

Illustrative examples of the data, link control dialog using different facilities and 
with various exception conditions are provided in Appendix D. 


Table 7-1 summarizes the command and response usage by class for comparison 


ptu’IDOses. 



COMIMA.NDS 

AND 

BESPONSES 

CLASSES 

NB 

NS 

NAB 

NAS 

PPB 

PPS 


I 

X 

X 

X 

X 

X 

X 


RR 

X 

X 

X 

X 

X 

X 


RNR 

X 

X 

X 

X 

X 

X 


REJ 

X 

X 

X 

X 

X 

X 


SREJ 


X 


X 


X 


ENRH 

X 

X 

X 





SNRM E 

* 

* 

* 

:k 



COMEIANDS 









SARM 



X 

yi 

X 

X 


SARM E 



=f: 

-- 

* 

* 


SIM 

X 

X 

X ■ 

X 


X 


DISC 

X 

X 

X 

X 

X 

X 


UI 

X 

X 


X 

X 

X 


UP 

X 

X 

X 

X 


X 


XID 

X 

X 

-\-y 

X 

X 

X 


RSPR 

X 


X 

X 

X 

X 


I 

X 

.; • • •. • • •. *. •. • •. :v . 

X 

X 

X 

X 


RR 

X 

. 

X 

X 

X 

X 

X 


RNR 

X 

X 

X 

X 

X 

X 


REJ 

X 

X 

X 

X 

X 

X 


SREJ 


X 


X 


X 

RESPONSES 

DM 

•X : 

X 

X 

X 




REvI 

X 

X 

X 

X 




IJI 

X 

X 

X 

X 

X 

X 


UA 

X 

X 

X 

X 

X 

X 


XID 

X 

X 

X 

X 

X 

X 


CiMDR 

X 

■\r 

X 

X 

X 

X 


* Optional 


TABLE 7-1 


SUMI\LAJRY OF COI\IIMAND/BESPONSE 
IMPLEIMENTATION BY CLASS 


















Normal Mode - Classes of Procedure 


7.1 

In those cLasscs the secondary station may transmit a frame or frames only as 


a result of the receipt of an appropriate command frame as described in Section 


7 . 1.1 


'V 


fT- 


5 . 1 . 1 . 


Normal Mode - Basic Exception Recovery (Class NE) 

Stations operating in this class may use the PiEJ commiaid/response to solicit 
retransmission of any frame detected in error. The subsecjucnt retransmission 
will consist of the frame in error plus any subsequent tram emitted frames in 
accordance with Section 6,0. 


The P/F bit recovery procedure is used as a. fallback recovery procedure in 
conjunction with the REJ instruction. 


The following commands and res]>cnses nvusi be implemented in this cla.ss: 


Commands 

Responses 

I ••■•••• 

► I 

RR 

RR 

RNR 

RNR 

REJ 

REJ 

SNR]\L..{K)..-.. 

UA 

SBI 

CMDR 

DISC 

XID 

RSPR 

RIM 

UP 

DM 

XID 

UI 


m 



Normal Moclo - Selective Reject Exception Recovery (Class NS) 


Stations operating in the Normal Mode with Selective Reject capabQity can request 
retransmission of a single specified information frame without requiring retrans¬ 
mission of previously transmitted following frames as defined.in Section 6.0. 


Tlie P/F bit recovery procedure is prohibited in this class. 


The following commands and responses must be implemcntod in this class: 


Commands 



Resjrtnsg 

I 



I 

RR 



•"••RR •••••■■•■• 

RNR 



BNR 

REJ 



REd 

SREJ 



SREj 

SNRM(E) 



WLjja 

SIM 



GAiDR 

DISC 



XID 

RSPR 



1 — 1 

UP 


***Vo‘- 

DM 

XID 



UI 

UI 





Normal and Asynchronous I\Iodc Classes of Procedure 

In these classes, in addition to operation in NRM, the primary station can condition 
secondary stations to. transmit frames at any time independent of further action by 
the piimary. Tins is the ARM mode described in Paragraph 5.1.2. 



•7^2.1 Norinal and Asynclnronous Mode - Basic Exception Rccovory (CLiss NAB) 

Stations operating in this class may use the REJ command/response to solicit 
retransmission of any frame detected in error. The resulting retransmission will 
consist of the frame in error and subseqLient transmitted frames. 


Tlie following commaiids and responses must be implemcniod in this class: 


Commands 

Responses 

I 

I 

RR 

RR.. 

RNR 

RKR 

REJ 

REJ 

SNRM (E) 

UA 

SARM (E) 

CJMDR' ■■■• 

SIM 


DISC 


RSPR 

n" ' b:\i 

UP 

Ul 

XED 


UI 
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Normal and Asynchronous Mode - SclGctivo Reject. ICxception Rccoyery (Class NAS) 
Stations operating in the Normal Mode with Asynchronous capability and with 
Selective Reject Operation can request request retransmission of a single, specified 
information frame as described in Section 6.0. 


The P/R bit recovery procedure is prohibited in this class 


The following commands and responses must be implemented in this class: 


Commands 


Responses 

I 


I 

RR 


RR 

RNR 


RNR 

REJ 


REJ 

SREJ 


SREd 

SNRM (E) 



BARM (E) 



SUM 


X.D 

DISC 


RIM 

RSPR 


DM 

UP 


UI 

XID 



UI 




Primarv to Primarv Classes of ]^:ecedure 

— - . ... . V-- -- --- 

These primary to primax-y classes of procedures are restricted to point-to-point, 
full-duple?^, switched or non-switched transmission facility. Each station is respon¬ 
sible for control.c4.txaiilhceo^ its tinnsmit path in the link. Each station is responsible 
for correction of errors associated with the traffic it originates. Each station can 
trmismit frames at any Lime independent of action b}^ the other station. Stations 
operating accoialing to these classes of procedures use Asjmchronous Response hlode 
operation Each shit ion maintains only one sequence number for all transmitted I 
frames and only one sequence number for all rccei\'ed I frames. 



^ 7.3.1 Priinary to Piimary Modo - Basic Exception Recovery (Class PPE) 

■ Stations operating in this class use the REJ command/response to solicit retrans¬ 

mission of any frame(s) detected m error. The subsequent retransmission v/ill con¬ 
sist of the frame in error plus any previously transmitted following frames in 
accordance with Section 6.0. 

The P/F bit recovery procedure is used as a fallback j:^covery procedure in 
conjunction with the REJ instruction. 

The following commands and responses must be implemented in this class; 


Commands 


I 


RR 

RR 

RNR 

JS-.W.-AV..* -1 J.». 

REJ 

REJ 

SARM 

UA 

DISC 

. CklDR 

RSPR 

. XID 

XID 

UI 

UI 



hi this class, SARM and SARl^fE commands reset only the N (S) of the transmitting 
station and the N (R) of the receivmg station. 

7.3.2 Primary to Primary IMode - Selective Reject Exception Recovery (Class PPS) 

Stations operating in the Ihrimary to Primary Mode wdth Selective Reject operation 
can request retransmission of a single, specified information frame without requiring 
retrmismission transmitted followmig frames, in accordance with Section 

6 . 0 . 

The iVF bit recovery procedure is prohibited in this cLass. 





The following commands and responses must be implemented in this class: 


Commands 

Responses 

I 

I 

RR 

RR 

RNR 

RNR 

REJ 

REJ 

SREJ 

SREJ 

SARM 

UA 

SIM 

CMDR 

DISC 

XID 

RSPR 

UI 

UP 


XID 


UI 



hi this class, SARM and SARME commands reset cniy the N (S) number of the 
transmitting station and the N (R) number of the receiving station. 

^^ Additional Primary to Prirnrry i\Iod es 

Although not specifically defined as classes, it is also possible to operate a balanced 
or near-balanced primary to primary link using Primary to Secondary classes of 
procedures. Two examplessof suehroperation are defined in the paragraphs which 
follow. 


7.4.1 Primary/Secondary lARld) Operation 

Paragraphs 7.1 and 7 <3 define Primary/Secondary classes of operation that can be 
used in such a maiinen soms to provide a capability similar to "Primary/Primary" 
in which balanced information transfer in ARM is achieved with Primary function 
required in only one station and Secondary function required in the other. 
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STATION B STATION A 



Balanced information transfer is achieved by virtiio of ^symmetrical functional 
equivalency of the I, RR, RNR, REJ, SREJ and..CMDR/RSRR commands and 
responses. Only the station desi^jnated as Primary^ hov/ever, has the functional 
use of the mode setting and DISC commands for resetting or disconnecting logical 
link functions. The capability offered by this Bof operation may indeed be 
satisfactory and optional for a great mrny a^^ en\dsioned. 

The independence of operation at (Btreh end of die link with regard to origmating 
information transmission is illusUTded in the examples of Appendix D for infor¬ 
mation frame transmission from Pidmary only, Secondar}^ only, and simultaneous 
Primary and Secondary. 

The two-station configuration illustrated above is extendable to a multipoint link 
configuration; i.o., O'ne Secondary is placed in ARM (and operates point-to-pomt 
with die Primary} and uH other Secondaries are sent a DISC command. Thus the 
Primary can perform *T"rimary/]^nmary - t>T>o" operation with one station at a time. 
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^ In case of failure of the 2~way simultaneous link, Primary/Sccondary ARM 2-\vay 

simultaneous has the ability to substitute a single dial-up line and operate in ARM 
2-way alternate. 


7.4.2 




Back-to-Back Primary/Secondary Operation 

For those cases where completely balanced and independent operation is desirable, 
the capability exists within the definition of Primary/Secondary operation to accom¬ 
plish a ’’Primary/Primary" arrangement. This can be done m the following manner. 

A Primary and Secondary link control function is rcT-hred in each station with the 
use of two address (and associated sequence nuiabei'S) to direct transmissions re¬ 
ceived to either the Primary or Secondary link control function. 


STATION B STATION A 



Primary A has use of the full repertoire of commands relative to Secondary B 
and Secondary B has use of tiie fiiU repertoire of responses relative to Primary A. 
The same is also applicable between Primary B and Secondary A. Transmissions 
■from 3Timary A to Secondary B and trmismission from Secondary A to Primary B 
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arc multiplexed on a frame by frame basis as required in one direction of the 
FDX facility \i.e., in the figure from right to left). Transmission from Primary B 
to Secondary A and transmission from Secondary B to Primary A arc similarly 
multiplexed in the other direction (i.e., in the figure from left to right). 

By this means, logical interaction between Primary A and Sec ox'd ary B is independent 
of the logical interaction between Primary B and Secondary A. There is no procedur- 
al restriction that information (daln.) flow be only from Primary function to Secondary 
runction (i.e., the Secondary fimction maj^ transmit i'-fonrialion frames, see example 
in Appendix D), a.lthoiigh this constraint maj'' be.acconoplished if desirable in. several 
different ways, e. g., at link level by use of RXB to Poll for non-information responses 
onl}^ (see example in Appendix D) or b^^ prior system agreement that the Secondary 
never transmit information frames (see example m Appendix D). 

Back-to-Back Primar 3 ^-Secondary operadur^ offers the flexibility of response in that 
each sublink (one Primary to one f^econdafy) may optionall^^ be operated in either 
ABM or NRM; i.e., one Primerm'Sccondary pair could be operated in ARM, where 
the Secondary responds asjmmlironoiisljg and the other Primar^’-Secondar}?- pair in 
NRN, vdiere the Secondar^^ onl}" icsponds vlien it receives a conmiand frame with the 
Pbit set to Tlie.choice oPmRLL or NRN is a sj-stem option; e.g., depends upon 

whetlier it is desired to obtain the most immediate Secondary aclmowledgment (l^y usmg 
ARM) or to limit tne number of Secondar^^ overhead responses (by setting the P bit to 
"1” only in every nth frame). 
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APPENDIX A: GLOSSARY 


ABORT : A function invoked by a sending (Primary or Secondary) station causing 
the recipient to discard (imd ignore) all bit sequences tr^insrnJttcd by the sender 
since the preceding Flag Sequence. - 

ACCEPT : The condition assumed by a (Primary or Secondary> station upon accepting 
a correctly received Frame for processing. 

ADDRESS FIELD (A) : The sequence of eight (or any miiitiple of eight) bits immiedi- 
ately following the Opening Flag of a Frame identifying the Secondary Station sending 
(or designated to receive) the Frame. 

ADDRESS FIELD EXTENSION : Enlargmg the address field to include more addressing 
information. 

CDCCP : Control Data Communication Control Procedures 

COMMAND : The content of the Control Field, of a Command Frame sent by the 
Primary instructing Hie aclctecssed Secondary to perform some specific fiuiction. 

COMMAND FR-UIE : All Frames that may be transmitted by the Primary Station 
are referred to as Command Frames, 




CONTROL FIELD (C) : The sequence of eight (or sixteen if extended control field) 
hits i-iTimediutely following the Address Field of a Frame. The content of the 
Control Field is interpreted by the receiving; 

(a) Secondary, designated by the Address Field, as a Cot^imand instructing 
the performance of some specific fimction. 

(b) Primary, as a Response from the Secondary? ‘designated by the Address 
Field, to one or more Commands. 

CO NTROL FIELD EXTENSION : Enlarging the Control Field to include additional 
control information. 

EXCEPTI ON CONDITION ; Tlie condRion assumed by a secondary upon receipt of 
a command which it cannot execute <Lie to either a transmission error or an internal 
processing malfunction. 

F LAG SEQUENCE (F) : The imjque sequence of eight bits (01111110) employed to 
delimit the beginning and ending of a Frame. 

FRAME: Tlie sequenco'of eontiguous bits, bracketed b}'’ and including beginning and 
ending Flag sequences. A valid Frame contains at least 32 bits between Flags and 
contains an Address Field, a Control Field, and a Frame Check Sequence. A Frame 
may or may not include an Information Field. 



FRAME CHECK SEQUENCE (FCS) : The field, immediately preceding the ending 
Fhig of a Frame, containmg the bit sequence that provides for the detection of 
transmission errors by the receiver. 


HIGH LEVEL (HL) : The conceptual level of control or proc'C^;slng logic existing in 
the hierarchical structure of a (P]?imary or Secondary) station that is above the Link 
Level and upon v/hich the perform;ance of Link Level functions are dependent, e.g., 
device control, buffer aUocation, station management, etc. 

INFORLIATION FIELD (INFO) : The sequence bits, occurring between the last bit 
of the Control Field and the first bit of the Frame Check Sequence. Tlie Information 
Field contents are not interiDreted at the Link Level. 

H^' ALID FRAME : A sequence of bitty the receipt of an ap’parent beginning 

Flag Sequence that either: 

(a) Is terminated by an x\bort Sequence, or 

(b) Contains less than- 32 bus before an apparent ending Flag S)equence is 
detected. 


LINK LEVEL : The coiicepnial lewl of control or processing logic existing in the 
hierarchical structure of a (Primary or Secondary) station tiiat is responsible for 
niaiiitatnmg control of the data link. Tlie Link Level functions provide an inteiface 
between the station High Level logic and the data link; these hmetions include (transmit) 
'bit inioction and (receive) bit extraction. Address/Control Field intenpretation, 
Coimmaid/Responsc generation and transmission, mid Frame Check Sequence com¬ 
putation and interpretation. 
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PRIIMARY: Tliat portion of the Primary station responsible for control of the data 
communication link. The Primary generates Commands and interprets Responses. 
Specific responsibilities assigned to the Primary include: 

(a) Initialization of (daki and control) hiformation intei'vTnnge 

(b) Organization and control of data flow 

(c) Retransmission control 

(d) All recovery functions at the Link Le\nl • ■ 

RESPOND O PPORTUNITY : The Link Level control condition during which a given 
Secondary may transmit a Response PramefeR 

RESPONSE : The content of the Control Field of a Response Frame advising the 
jPrimary with respect to tlie proGossing by the secondary of one or moie Command 
Frames. 

RESPONSE FRAME : All Frames that may be transmitted by a Secondary Station 
are referred to as Response Frames. 

SE CONDARY : That portion of a Secondary station responsible for performmg Link 
Level opcitiiions, as instructed by the Pi-imary. A Secondary interprets Comniaiid 
and genemtes Responses. 
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SECONDARY STATUS : The current condition of a Secondary with respect: to 
processing the series of Commands received from the Primary. 

BASIC STATUS : A Secondary Station’s capability to send or receive a Fram*e 
containing an Information Field. 

INTER-FRANIE TB^IE FILL : The sequence of bits transpiitted between Frames. 
This standard does not provide for time fill within a Frame-, 

UNNUM BERED COMFIANDS : The commands that do not -contain sequence numbers 
in the Control Field. 

UNNUMBERED RE SPONSE S ; The responses itmX do not contain sequence numbers 
in the Control Field. 
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APPENDIX B: THE CDCCP FCS TECHNIQUE 

B.O Framo Check ScqucBCO Generation and Cheeking; 

This ap|:)endix is intended to provide additional information to those responsible 
for implementation of the FCS teclmique described in Section l.G. 

These FCS requirements are formulated to detect franic length changes due to 
erroneous addition or deletion of zero bits at the end of t .e frame as well as to 
detect errors introduced within the frame. 

B.l FCS Generation 

Tlie equations for FCS generation are: 


=. Q |4S and, 


P(X) 

FCS = L (X) + R - RlS) 


P (X) 


The division is modulo 2 antb 


0 = X^S ^ ^14 ^ ^ ^ ^10 ^ ^ ^8 ^ ^7 


L (X) 

4 - x^ + X^ 1, 


R (X) = The remainder which is of degree less than 16, 


K = The number of bits represented by G '(X), 




p (X) - The CerrT V.41 generator poliuomial + X^ + 1), and 
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G (X) = The message polynomial. It includes the contents of the address, control 
and information fields, excluding the zero bits inserted for transparency. 


The generation of the remainder R (X) differs from that used in conventional check 
sequence generation by the presence of the X^ L (K) term in the. generation equation. 
When the FCS generation is by the usual shift register tcchi^Jque^ the X^ L (X) term 
is added in either of two ways: 

1. Preset the shift register to all ones rather tha.n to rJi zeros as in conventional 
generation procedm-es. Otherwise, shift the data iG (X)) through the register 
as in conventional procedures, or, 

2. Invert the first 16 bits of G (X) before shifting into the register and shift the 

remaining part of G (X) through mniueived. This requires that G (X) contain at 
least 16 bits. / 

Wliether 1 or 2 is used, the shaft register contents, after shifting through G (X), 

is R (X). These contents are mverted bit'-by-bit and transmitted as the FCS sequence 

The transmitted seqLieiiCO^^^^^m always (in algebraic notation): 


M (X) = x’-® G (X) + FCS. 


- 87 - 



B.2 FCS ChcckiFij:^ 

Tlie received sequence will be denoted M* (K), v/liich differs from M (X) if trans¬ 
mission errors are introduced. 'J^he checking process always involves dividing the 
received sequence by P (X) and testing the remainder. Direct division, hov/ever, 
does not yield a unique remainder and it is expected that in most cases the received 
sequenced will be modified for checking purposes by addition of terms which will cause 
the division to yield such a unique remainder when Tvl (X), i.e., when the 

frame is error free. 

Two classes of checking equations are given below: 


1 . 


X^ M* (X) -fX'^ L (X) _ ^ , R (X) 

P (X) y " -p (X) 


A. 


_v 


In this case the imique remauidei. io remainder of ilie division X- L (X ) 

P (X) 


WhenT = 0 the remainder is R Cf) <16 ones). 

19 11 10 R R 9 

mien y = IQ the remainder is -f X^^^ + X + X° + X + X" + X + 1 
(0001110100001111 through X^ respectively) 


2 . 


X*^ (X) >r 1) L (X) _ ^ . R pf) 

——Ttxl--- 


In this case the unique remainder is always zero regardless of the value of 7. 


Shift register implementation of the above equations normally use V = 16 
(pre-multiplication). Wlicn this is tlic case, tlie added term X^ L (X) in both 1 
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and 2 is added by cither inverting the first IG received bits of M* (X) before shifting 
them through the checking register or by presetting the register to all I's and shifting 
all of M* pC) through normally. Thus the receiver action on the leading protion of 
a frame is the same with either 1 or 2. 

The + 1 of the term (X^ + 1) L (X) of the generation equation of 2 is added by inverting 
the FCS. This implies a 16 bit storage delay by the FGS.function at the receiver since 
the location of the FCS is not known until the closing flag is xooeived. 



APPENDIX C 


STANDARDS COMPATIBILITY 


C. 1 Scope 

This apoendix is intended to detail, to the greatest extent possible, the differences 
between CDCCP and other existing bit-oriented procedures. Tiic standards con¬ 
sidered for compatibility include: 

IBM - SDLC 
ANSI - ADC CP 

ISO - HDLC / ”" 


The material here is intended to provid.- iho designer with information which will 
permit him to evaluate the impaci of m the standards and to take a 

flexible approach so as not to preclude coinpatibility with standards which he might 
be required to Interface. 

Since the bit-oriented standaids situation is highly volatile as of this writing, the 
information presented here is subject to change. While every attempt will be made 
to keep the procedure up to da'o, it is the responsibility of the designer to maintain 
liaison with current-shuations. 


C.2 


Frame Stnicluie 


Frame Definitiou WCDCCP defines a frame as including opening and closing flags. 

' Thus, (he minimum frame length is 48 bits including flags and 32 bits excluding flag 




ADCCP is ambiguous in this respect. Flags are included as part of the frame- 
structure but frame definition calls for a minimum of 32 bits. 

NCR defines a frame as the sequence of bits between the opening and closing flags. 

IBM includes the flags as part of the frame. 

. "-*1* • 

C.2.2 A ddress Extension : CDCCP has adopted the ISO/EG:vIA position of permitting address 
extension on a bilateral agreement basis. CDCCP thus requires that stations be 
capable of extending the address field be^mnd a single octet. 

ANSI presently uses mandatory extension capabiliU' by limiting the first octet to 
128 addresses. This position is ejxpecterlio change to become ISO/ECMA compatible. 

IBM's SDLC deals with a single octet address field and does not mention address 
extension. Nothing in the SDLC frarae structure would preclude extension. 

C.2.3 Group and Global Address in.: : CDCCP pei-mits group or global addresses in an im- 
exteiided octet only. This is the.ANSI position and the SDLC position. ISO permits 
group or global addrcBSing without further restriction. ECNLA implicitly does not 
permit group or global-addressing. * 

C.2.4 Control Field Extension r CDCCP, ANSI, and ISO permit control field extension to 
enlarge the scqioncc number modulus. SDLC does not mention C field extension. 
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C.2.5 Abort : SDLC specifies eight contiguous one bits as signalling an abort. IBM has 
however, supported the ’’more than seven, less than 15 position” used by CDCCP 
ISO, and ANSI. 

(ADDITIONAL MATERIAL TO BE SUPPLIED) 




{ 


APPENDIX D 


PAR/i.METERS SUBJECT TO BILATERAL AGREERIENT 


CDCCP is designed to cover a wide range of applications. As with any protocol, 
this flexibility of application results in a requirement that certain parameters must 
be established by bilateral agreement for the specific application. 


NOTE 

Future revisions of this document.precise 
definitions of these bilateral agreexneni parameters. 
Such parameters include but are not limited to: 


Operation ]\ [cue NRbi or ARi\I 
Use of extended address field 
Use of .^eonfrolLieM extension 
Conf%uraticni^cii address field 
Subsets .of .Commands/Responses 
/Error Recovery procedures 
■ Timer v-'alues 
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APPENDIX E 


EXAMPLES OF CDCCP PROTOCOL 


Tho examples presented in this section are illustrative of the exchanges which 
would take place under the condition given for the example. The notation used 
and most of the examples are those which liave been adopted'by ANSI and ISO. 
The nota.tion is illustrated below: 






Flag (i.e., frame boundary) 


Frame containing 
information 


I ^ <—Frame v/ithout 

<^, information 


Information Frame: 




Information Format^-^ 
Send Seciuonce ICumber 


V'-/ \ -JJ-jL. UX X asic^j. jljjlu o*w i. t.v.' j. 


I—Becei”c Sequence Number 
(next expect frame) 


Example: Pri xmits: 12,6P. Thia denotes a Primary information format frame 
witli seqience number the next expected frame from the Secondary 
is sequence number b (frames numbered 5 and below are therefore 
aclaiowdedged) oaidvEie Poll bit is set to "1" (i.e., the Secondary is to 
initiate transmission with information format frames if available). 





Supervisory command/response 


Supervisory Frame: XXX N (R) P/F^Poll or Final bit set to "1” 

Receive Sequence Number 

Example: Pri xmits: RR2P. This denotes a Receive Ready (HR) command, 

N (R) = 2 (i.e., the ne?ct expected frame from the Scconclary is 
sequence number 2), and the Poll bit is set to ‘1". 

In the examples time moves from left to right. The left frame is, therefore, 
transmitted first. An errored or missing frame is denoted as follows: 

errored or missing hifoi'in-ation frame 

errored or misshig S or “a frame 

Examples are provided for error ^ree as well as errored frame conditions for 
Normal and Asynchronous Rcstjoiise Modes in TWA and TWS operation. Mod? 
changing and ending operations arc also illustrated. 
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1.2 Normal Response Mode (NRM) HDX with transmission errors In command frames 

1.2.1 NRM Start-up command error 
(JJ3/NS CLASSES) 
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1.3-3 NRM Secondary "Final” frame error 
(NB CLASS) 
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OH (where Primary sets Poll bit to ”1” to‘ solicit acknowledgement for several frames) 



Optional: Frame maybe completed or aborted 


3.2.2 NHM SREJ capability 

(NS CLASS) /—Retransmitted Frame 
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^.2.2 ARM REJ capability 
(NAB CLASS) 



Optional; Frame may be completed or' aborted 



ii.3-2 AHM SHEJ capability 
(NAS CLASS) 
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5*5 Normal Disconnected Mode (NDM) Example 
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?>5.^ (NAB/NAS CLASSES) 2-Way Alternate (HDX) Transmission; Secondary in NDM 
(or ADM) Indicates It is disconnected, and Primary refuses to send set 
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7.1.3 ~ with Information Frame Exception 
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SREJ/REJ Exception Recovery for FDX Operation 

NRM - FDX with Information Frame Exception 
(NS CLASS) 
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